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Abstract 
In 2005, Dublin Institute of Technology (DIT) School of Civil and Building Services 
Engineering was commissioned by the National Rural Water Monitoring Committee 
(NRWMC) to investigate the feasibility of supplementing treated mains water used for 
non-potable purposes (NFGWS, 2008). This project involved the design, installation, 
commissioning and monitoring of rainwater harvesting (RWH) facilities in a domestic 
housing development and in an agricultural setting. A second study commenced in 2008 
when DIT was commissioned by the Department of Environment, Heritage and Local 
Government (DOEHLG) to monitor water use and assess the efficiency of rainwater 
harvesting facilities installed in a primary national school. 
Daily / monthly rainfall, water demand, mains top-up were monitored and analysed for 
the domestic, agricultural and school sites. The Efficiency ratio (ET), Storage fraction 
(Sf), Demand fraction (Df), Overflow fraction (Of) were calculated for the three 
rainwater harvesting systems (RWH).  An economic model was developed to calculate 
cost of producing one m³ of water using RWH , compare the Net Present Value (NPV) 
cost of RWH water supply  versus mains water supply and to illustrate the preferred 
scenarios in Ireland under which RWH is economical viable. These include; 
 Storage designed for no greater than 90% efficiency, capital grant allowance of 
minimum 30% coupled with a 50% reduction for householders with RWH. 
 The cost of mains water per m3 is similarly priced as harvested rainwater per 
m
3
. In this study this equates to €8 per m3 
 A 20% reduction in free allowances to the householder coupled with a 50% 
reduction for householders with RWH. 
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1. INTRODUCTION  
1.1 Background  
 
The rapid expansion of urban areas in Ireland along with increased demand from both 
industrial and domestic sectors during the “Celtic tiger years” placed great demand on 
water resources. This demand caused problems for water supply infrastructures never 
intended to service such demand.  Water demand is typically met by importing large 
volumes of water treated to drinking water quality standards, across large distances and 
at considerable cost, from neighbouring catchments (O’Hogain, McCarton 2009).  Less 
than 1% of urban water consumption is used for drinking but all mains water supplied to 
domestic, agricultural and school properties is treated to potable quality standard 
(O’Sullivan, 2002). 
  
1.2 Research Questions 
 
The principle research question is as follows:  
Under what circumstances would rainwater harvesting be viable in domestic, 
agricultural and school settings in Ireland?  
This main research question breaks down into the following subtasks; 
 Assess the optimum design and tank sizing to give the best return on investment  
 Determine what (if any) refinements are recommended for the Irish context to 
the design and sizing methodologies reported in the literature 
 Define the main risks and barriers to a rainwater harvesting implementation 
program in Ireland 
 Define the circumstances which rainwater harvesting may be viable in Ireland. 
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The technology studied, RWH, has a complex relationship between cost (usually 
dominated by choice of water storage capacity) and user behaviour (demand).  
 
This thesis collected data on three specific RWH installations. In 2005, Dublin Institute 
of Technology (DIT) School of Civil and Building Services Engineering was 
commissioned by the National Rural Water Monitoring Committee (NRWMC) to 
investigate the feasibility of supplementing treated mains water used for non-potable 
purposes (NFGWS, 2008). This project involved the design, installation, commissioning 
and monitoring of rainwater harvesting (RWH) facilities in a domestic housing 
development and in an agricultural setting. This pilot project was managed by a team 
from the School of Civil and Building Services Engineering at DIT. The project team 
was led by Liam McCarton and Dr Seán Ó Hogáin and included Anna Reid, Niamh 
McIntyre and Jenny Pender. The second study commenced in 2008 when DIT was 
commissioned by the Department of Environment, Heritage and Local Government 
(DOEHLG) to monitor water use and assess the efficiency of rainwater harvesting 
facilities installed in a primary national school. 
 
1.3 Outline of Thesis 
 
Chapter one introduces the context and scope of the thesis and outlines the aims and 
objectives of the research.  
Chapter two comprises of a review of Ireland’s water sector pre and post 2012 and 
change from local authority control of the water sector to a new entity known as Irish 
Water.  How rainwater harvesting is promoted internationally reviewed and Ireland’s 
water resources 
12 
 
Chapter three discusses rainwater harvesting and includes a description of RWH 
systems, the types available, existing rainwater quality standards, treatment processes 
involved in RWH 
Chapter four describes the site where the domestic RWH system was installed at 
Ballinabrannagh, Co. Carlow. It provides a description of the operation and monitoring 
of the RWH system 
Chapter five describes the site where agricultural RWH system was installed. It 
provides a description of the operation and monitoring of the RWH system. 
Chapter six describes the site where the school RWH system was installed. It provides a 
description of the operation and monitoring of the RWH system 
Chapter seven presents the results from the monthly monitoring assessment of the RWH 
systems installed at the domestic, agricultural and school sites. Modelling of how the 
RWH performed using the Yield after spill (YAS) algorithm.  
Chapter eight considers circumstances where rainwater harvesting could be viable in 
Ireland 
Chapter nine discusses the results presented in chapter seven and provides some 
conclusions from the project and recommendations for RWH. 
 
 
1.4 Dissemination of Study Outputs 
 
The research study outputs have been disseminated in a number of publications at 
international conferences and peer reviewed journals. Copies of these publications are 
included in the appendices. These are listed as follows:  
1. O'Hogain, S., Reid, A., McCarton, L., Pender, J., McIntyre, N.: Water Savings and 
Rainwater Harvesting – Pilot Project in Ireland. Proceedings of the European Water and 
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Wastewater Management (EWWM) Conference, 12th - 14th Sept, 2007, Newcastle, 
edited by Horan, N, Aqua Enviro Sept 2007. ISBN: 1-903958-24-5 
2. McCarton, L., O'Hogain, S., Reid, A., McIntyre, N., Pender, J.: Pilot Rainwater 
Harvesting Study Ireland. 14th International Rainwater Catchment Systems Conference. 
Malaysia, 2009 
3. McCarton, L., O'Hogain, S., Reid, A., McIntyre, N., Pender, J.: Rainwater Harvesting 
Pilot Project Report. National Rural Water Monitoring Committee, 2009 
4. O'Hogain,S, McCarton,L, McIntyre,N, Pender,J, Reid,A; Physicochemical and 
microbiological quality of water from a pilot domestic rainwater harvesting facility in 
Ireland, Water and Environment Journal, Volume 25, Issue 4, Pages 498-494, 
December 2011, Chartered Institute of Water and Environment Management. 
5. O'Hogain,S, McCarton,L, McIntyre,N, Pender,J, Reid,A; Physicochemical and 
microbiological quality of harvested rainwater from an agricultural installation in 
Ireland, Water and Environment Journal Promoting Sustainable Solutions, Volume 26, 
Issue 1, Pages 1 – 6, March 2012, Chartered Institution of Water and Environment 
Management. 
6. McCarton, L., O'Hogain, S., Reid, A., McIntyre, N., Pender, J Thermal Destruction 
Analysis of Water Related Pathogens In Domestic Hot Water Systems – publication 
pending 
7. National Rural Water Monitoring Committee/Department of the Environment, 
Heritage and Local Government – Internal Quarterly Reports, 2005 – 2008. 
8. McCarton, L., O’Hogain, S., Reid, A., Rainwater Harvesting Monitoring Report, 
Carrowholly National School, Co. Mayo, Internal Report issued to Department of 
Environment, Heritage and Local Government, Sept 2011.  
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 WATER SERVICES IN IRELAND  2
2.1 Introduction 
This chapter will set out the background to current water sector reform in Ireland. 
Relevant European Commission (EC) and National legislation is summarised.  A 
summary of the main water resources within the country is presented. A comparison of 
water sector organisation and financing within Northern Ireland, Scotland, England and 
Wales is also presented. Finally, the organisation and funding model adopted by Ireland 
to fund water services is discussed. 
2.2 Background to Water Sector Reform in Ireland 
 
Following a contraction of the construction sector in Ireland in the period 2007 – 2009, 
the economy experienced a consequent profound adjustment downwards. This 
adjustment led to an erosion of confidence in the banking sector and lead to a loss of 
deposits and market funding. The Irish banking sector has strong financial linkages to 
the rest of the world and the contagion threat from Ireland to European banks was 
considered to be significant. Consequently, under pressure from the European Central 
Bank, on 21 November 2010, the Irish Government requested external financial 
support. Discussions were held in Dublin during November 18-30, 2010 with 
representatives from the International Monetary Fund (IMF), European Commission 
(EC) and European Central Bank (ECB), (IMF Country Report, No. 10/366, Dec 2010). 
On 28 November 2010, the Irish Government agreed to the provision of an €85 billion 
financial support programme for Ireland by the EC / IMF / ECB on the basis of 
specified conditions. The conditions were set out in a Memorandum of Economic and 
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Financial Policies (MEEP). This memorandum set out an agreed National Recovery 
Plan for the three year period of the financial support.  
The memorandum had significant implications for the Irish Water Sector. Under the 
agreed National Recovery Plan the existing thirty four local authorities will be replaced 
by a single State run body, to oversee provision of water services in Ireland. This new 
state agency is called “Irish Water” ((DoECLG (a), 2012).). Funding and powers in 
relation to water services have been devolved from the local authorities to Irish Water. 
Irish Water is an independent state owned company within the Bord Gais group 
(DoECLG (b), 2012).  
2.3  Legislation within the Water Sector in Ireland 
 
In its capacity as provider of water and wastewater services Irish Water must comply 
with current and future European and National legislation. A summary of European and 
National legislation adapted from the Irish Water Phase 1 Report, (Price Waterhouse 
Coopers, 2011) is shown in Tables 2.1 and 2.2. The newly established Irish Water is 
discussed later in the chapter. 
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Current European  Legislative Framework 
Wide-ranging series of legislative provisions at European level – requiring member states to implement national regulatory frameworks for planning /delivery of water services 
 
Legislation Key aspects Objective 
The Water Framework Directive (2000/60/EC) 
 
This establishes a structure for long term sustainable water 
management by focusing on integrated planning and promotion of 
sustainable water use.  
Focusing on river basin management plans rather than on 
administrative/political boundaries.  
Applies to all waters-rivers, lakes, groundwater, coastal and 
estuarine and their dependent wildlife and habitats.  
 
 
 Eight river basins identified on island of Ireland  
4 River basins in Republic, 3 include cross border waters with Northern 
Ireland, and 1 entirely within Northern Ireland. 
 
 Identify appropriate competent authority to oversee river basin management 
plans.   This role is assigned to the constituent councils of each river basin 
district by the 2003 Water Regulations with  one council designated to act as 
the coordinating authority for that district 
 
 
To deliver long term protection of 
water. 
 
To improve water bodies classified as 
“lesser status” so as to gain “good 
status” by 2015.  
 
To maintain and preserve water bodies 
classified as good or better at present. 
 
EU Drinking Water Directive 
This directive prescribes the quality and monitoring requirements 
for potable water supplies.  
 
The Drinking Water Directive is transposed into Irish law by the 
European Communities (Drinking Water) (No. 2) Regulations, 
2007 (S.I. No 278 of 2007) (known as “Drinking Water 
Regulations”). 
 
 
A water service authority must: 
ensure any water it provides meets prescribed quality standards; 
quantify compliance with the parametric values in accordance with an 
approved sampling and analysis regime 
monitor compliance of all drinking water supplies in its functional area   
-take appropriate remedial action or ensure that action is taken to restore the 
quality of noncompliant supplies. 
 
 
To ensure that water intended for human 
consumption is “wholesome and clean” 
thus ensuring protection of human 
health.  
 
 
Urban Waste Water Treatment Directive 
Waste Water Directive was transposed into Irish law  by  the Urban 
Waste Water Treatment 
Regulations 2001 (S.I. No 254 of 2001) 
The directive requires biennial reporting to the EC on the disposal 
of waste water and sludge. 
 
 
Sets out the requirements for collection systems and treatment standards for 
waste water. Based on centre size and sensitivity of the receiving waters of 
treated water and storm overflow discharge.  
Secondary treatment of waste water must be provided for population centres 
above a certain size.  Additional nutrient reduction must be provided for 
discharges to sensitive water bodies/ 
 
Protection of receiving waters from 
harm due to discharges from treatment 
plants and storm overflows. 
 
Other European legislation 
 
Groundwater Directive (80/68/EEC), Shellfish Directive (2006/113/EC), Nitrates Directive (91/676/EEC), Bathing Water Directive (2006/7/EC), 
Sewage Sludge Directive (86/278/EEC), Freshwater Fish Directive (2006/44/EC), Habitats Directive (92/43/EEC), Birds Directive (2009/147/EC), 
Dangerous Substances Directive (2006/11/EC) 
 
These directives all  impact on the 
planning and delivery of water services 
in Ireland 
Table 2.1  European Legislation in relation to water and wastewater adapted from PwC, 2011 
Current National Legislative Framework 
The standards, functions, obligations and practices in relation to planning, management and delivery of water services and waste water collection and treatment services are governed 
by the Water Services Act 2007 (2007 Act). Under the 2007 Act certain persons are entrusted with particular powers and responsibilities. 
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Table 2.2  Irish Legislation in relation to water and waste water adapted from PwC, 2011 
 
Authority  Some Roles /Responsibilities /Powers under Water Services Act 2007  
Minister for Environment, 
Community and Local 
Government 
 
 Supervision and monitoring of water services authorities  performance  in their functions under the 2007 Act  
 The planning and supervision of water services investment programmes 
 Specification of standards / guidelines / codes of practices with regard to provision of water services 
 Implementing water services strategic plans  / land acquisitions / licensing water services providers 
 Produce regulations under which water service authorities are required to provide specified water services to specified classes – areas of either sufficient 
concentrated population or economic activities 
Water Service Authorities 
34 City and County Councils 
(29 County councils and 5 City 
councils) 
Provides water services in agreement with prescribed standards/ public policy for domestic / commercial requirements within its functional area.  
Under 2007 Act and the State Authorities (Public Private Partnership Arrangements) Act 2002 an authority can enter into an agreement with another 
person to provide water services in part or all of its functional area. Under the 2007 Act two or more water services authorities can enter into an agreement 
where one or more of them or as a joint effort carry out any or all of their functions under the 2007 Act, in either part or all of their respective areas. 
 Water services authorities must follow policy when exercising powers in areas such as planning /development, sustainable management of water 
resources, protection of human health. Maintain the environment and National and EU Regulatory requirements including a river basin management plan 
or programme of measures under the Water Framework Directive. 
Powers of a water services authority include delivery of water supplies, i.e. to abstract, store and treat water and supply it for drinking or any other purpose, 
or to purchase it for onward supply. Authorities have the power to carry out metering and monitoring of water services, acquisition of premises and way-
leaves and provide water services. 
Authorities are responsible for the licensing and supervision of group water schemes. Under the Drinking Water Regulations water services authorities 
supervise all other drinking water supplies within their functional area. 
Authorities provide, operate and maintain sewers and waste water  networks along with waste water treatment plants  
Environmental Protection 
Agency (EPA) 
With regard to water services the role and function of the EPA include; 
Under  the Water Framework Directive and other coordination functions under the 2003 Water Regulations reporting to the European Commission  
Monitoring potable water for compliance with Drinking Water Regulations is the responsibility of the water service authorities, their monitoring 
programmes are overseen and approved by the EPA.   
The EPA has enforcement powers to ensure that water service authorities are compliant with their monitoring obligations. The EPA can directly intervene 
to carry out necessary remedial works in a situation of non-compliance and recover costs from the supplier. 
Waste discharge from sewage systems to aquatic systems operated /managed by water services authorities are licensed  and certified   by the EPA under the 
Environmental Protection Agency Act 1992 
 
Other applicable national 
legislation 
Planning and Development Act 2000, which provides for planning and sustainable development; 
European Communities (Environmental Assessment of Certain Plans and Programmes) Regulations 2004 and the Planning and Development (Strategic 
Environmental Assessment) Regulations 2004 - these  require that the environmental consequences of  development plans and local area plans are 
identified and assessed during their preparation and before their adoption 
Waste Management Acts 1996 and 2001 and related regulations which impose the legal framework for the management of waste, e.g.  treatment and 
disposal of sludge arising from water and waste water treatment plants. 
Local Government (Water Pollution) Acts, 1977 and 1990 and supporting regulations which set out key requirements for the prevention of water pollution. 
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2.4  Water Resources in Ireland 
 Annual Rainfall  2.4.1
In the east of the country average annual rainfall is between 750 – 1000 mm.  Between 
1000- 1400 mm of rain falls in the west per annum while some mountainous regions 
exceed 2000 mm annually (Met Éireann, 2012). Generally, December and January show 
the greatest monthly rainfall.  April typically has the lowest recorded monthly rainfall 
although in some southern counties, June is often the driest month.  The number of days 
annually with 1mm or greater rainfall is approximately 150 days in the east and south 
east coasts and 225 days in parts of the west (Met Éireann, 2012). Average rainfall rates 
ranges from 1-2 mm per hour, with rates of up to 10 mm per hour recorded over short 
term events. Short term rates of 15-20 mm per hour may be expected once every 5 
years.  Hourly rates exceeding 25 mm per hour are rare and usually associated with 
thunderstorms (Met Éireann, 2011).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1  Mean Annual Rainfall (mm) 1981 – 2010 (Met Éireann, 2012) 
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2.5  Climate Change Effects  
Much of the Irish population is concentrated on the eastern side of the country. This 
region is drier (750 – 1000 mm per annum) than other regions of the country but it has a 
higher demand for water resources.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2  Observed annual precipitation changes 1961 -2006. 
 (Adapted from EEA report Water resources across Europe- confronting water scarcity 
and drought, 2009). 
 
Figure 2.2 indicates that annual precipitation levels in the east and south of the Irish 
republic have reduced by up to 60 mm over the period 1961-2006 (EEA, 2009).  During 
this time the population increased by 72% in the east and by 38% in the south of Ireland 
(CSO, 2011). Presently water resources are pressured due to decreasing rainfall levels 
and increased demand in the eastern and south-eastern regions. Future changes to 
seasonal precipitation patterns as predicted by Community Climate Change Consortium 
for Ireland Project (C4I) will increase pressures on water resources. 
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Potential future changes in Ireland’s climate have been compiled by (C4I) (C4I, 2008). 
This C4I project predicts changes to seasonal precipitation patterns. These are given in 
Table 2.3 
 Spring Summer Autumn Winter 
2021-2060 2 to 5% 
decrease 
5 to 10% 
decrease 
5 to 10% increase 
2060-2099 least affected 10 to 18% 
decrease 
15  to 20% increase 
2060-2099   20 to 25% 
increase in 
northern half of 
country 
 
 
Table 2.3  Predicted seasonal precipitation for 21
st
 Century Ireland (Reference period 1961-2000) 
(C4I, 2008) 
 
 
2.6  Irelands Surface Water Resources  
 
Irish rivers, lakes and groundwater provide relatively abundant freshwater resources. 
These are shown in Table 2.4 and Figure 2.3 
Ireland’s Water Resources  
Rivers Lakes Groundwater 
400 river catchments – mostly 
small catchment areas 
18 lakes with surface 
areas > 10 km2  
Source of 25% of Ireland’s drinking demand. 
9  large catchment areas – 
account for  50% land drainage  
in Ireland 
6000 lakes with surface 
areas > 0.01 km2          
(1 hectare).  
Most productive aquifers underlie approximately 25-
30% of State’s land area. 
8 River Basin Districts – under 
EU  Water framework Directive 
2000/60/EC  to protect water 
resources 
Most of the 6000 lakes 
are less than 0.5 km2  
Groundwater in some counties accounts for a large 
percentage of water demand e.g. Roscommon, 
groundwater supplies up to 80% of drinking water 
demand. 
 
Table 2.4  Ireland’s Water resources (NDP, 2005) 
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Figure 2.3 Map of Ireland’s Rivers and lakes 
(Fallon’s Map Explorer 1, Brenda McGee) 
 
Surface water supplies the greatest portion of drinking water in Ireland at 81.9% while 
groundwater and springs supplies 10.3% and 7.8% respectively (EPA, 2011).This is 
illustrated in Figure 2.4. 
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Figure 2.4  Water Resources for Drinking Water Supply in Ireland 
 
 
The Water Framework Directive (WFD) is the guiding principle and standard under 
which water resources are governed and managed (WFD Ireland, 2011). All water 
resources, i.e. groundwater, surface waters, coastal and estuarine are covered under the 
directive. Water resources are managed under river basin management plans. Eight river 
basin districts (RBD) have been identified on the island of Ireland.  
2.7 Water services organisation in Ireland 
 
 In Ireland, the overall responsibility for water services lies with the Minister and the 
Department of Environment, Community and Local Government (DoECLG).  The 
provision of potable water supply to households and industry is the responsibility of the 
34 Local Authorities. (Figure 2.11)  They supply approximately 1.6 million litres of 
water daily (DoECLG (a), 2012). Additional responsibilities include production, 
distribution and monitoring of drinking water along with assessing and prioritising 
water supply requirements, implementing and contracting capital projects and the 
Surface 
Water,  81.9% 
Springs, 7.8% 
Groundwater,  
10.3% 
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operation, maintenance and management of services and facilities (or the contracting of 
such).   Irish Water will assume these responsibilities when operational 
 
Figure 2.5  Local Authorities in Ireland. 
 
 
Financing Irish water services currently costs around €715 million in operational costs 
and €500 million in capital costs. Approximately €200 million is recouped through non-
domestic charges for water supplies.  Presently there is no economic regulation of Irish 
water services. Each Local Authority sets water charges for their non-domestic 
customers. Water charges vary widely between authorities, in Kildare the charge is 
€1.75 per m3 while in Wicklow it is €3.04 per m3 (DoECLG (a), 2012). 
 
 
  
24 
 
 Model for Irish Water 2.7.1
 
Assessment of the existing Irish water services sector in comparison to similar services 
internationally highlighted some performance indicators. These are shown in Table 2.8 
((DoECLG (a), 2012). 
Performance Indicators Irish Water services in comparison to UK and 
Northern Ireland 
Operating Costs 50 -100% more expensive 
Leakage levels 200%  the average UK value 
Employment 25% more people employed compared to UK median 
numbers 
Kilometre main per 1000 
connections 
Slightly lower than UK average 
Table 2.5  Irish water services comparison to UK and Northern Ireland water services ((DoECLG (a), 
2012). 
 
The PwC report presented to Government recommended that Irish Water be created as a 
public utility in a regulated environment (Government White Paper, 2012).  This means 
that Irish Water be given full responsibility under law for all aspects of water services 
provision at local, regional and national level. This will allow more co-ordinated 
management and operation of river basin plans by Irish Water.  All water sector assets 
and liabilities of the local authorities will transfer to Irish Water (DoECLG (a), 2012). 
This transfer from the present structure of 34 local authorities to Irish Water is seen as 
being a staged process.  The functions of Irish Water are outlined in Figure 2.12.  For 
Irish Water to avail of private finance for investment in capital projects an independent 
economic regulator is required. The approach to water sector regulation proposed is 
similar to Northern Ireland.  The energy and water sectors are regulated under the 
Northern Ireland Authority for Utility Regulation (Government White Paper, 2012).   In 
the Republic, the Commission for Energy Regulation (CER) is proposed as the new 
regulator of the water sector and Irish Water (Government White Paper, 2012).    
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In 2010 the Organisation for Economic Co-operation and Development (OECD) report 
Environmental Performance Review of Ireland noted that the efficient environmental, 
economic and social development of Irish water services is impeded by the absence of 
water charges (OECD, 2010). Under the Programme for Government (PfG) a universal 
metering programme to commence by the end of 2012 is proposed.  Water charges and 
volumetric charges have where introduced contributed to a reduction in water 
consumption (DoECLG (a), 2012). Studies in the UK have shown where water meters 
have been installed that reduction in household consumption and distribution input of 
11% and 22% respectively have been achieved.   This reduction is attributed to leakage 
control and reduced consumer demand.    The introduction of domestic water metering 
in Ireland has caused debate. How water charges will be levied and what provisions will 
be available as regards affordability where water charges may cause hardship have yet 
to be finalised.   
Irish Water will influence both economic and environmental policy in the management 
of Irish water resources, which will in turn influence how rainwater harvesting will be 
viewed and adopted in Ireland.   
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Figure 2.6   Functions of Irish Water   (PwC, 2011)
Irish Water 
Customer Services  
 Single point contact 
 Billing 
 New connections etc 
Water metering 
 roll out of water 
metering programme 
Private Finance Sourcing  
 investment in capital 
projects 
Abstraction / Treatment/ Distribution  
 Drinking Water – to commercial / 
domestic / industrial customers not 
served by Group Water Schemes 
Maintenance / Upgrade of Infrastructure 
 Conservation of water supplies –
reduction of leakage 
Collection / Treatment /Disposal 
 Wastewater  and Sludge 
Disposal 
 Management and operation of 
combined sewers overflow 
Strategic Planning for Sector 
 Water Resources Management 
 Localised Catchment management 
– focus on source protection 
Assistance to Group Water Schemes (GWS) 
 Assume role from local authorities  
 Financial assistance – tackle deficiencies in 
publicly  and privately sourced GWS 
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 Roof Water Harvesting 3
 
This chapter presents international best practice in rainwater harvesting systems.  
 
Rainwater harvesting systems range from simple systems such as a water butt attached 
to a down pipe at the side of a house or shed, to more complex systems involving 
storage tanks, pumps and filters. The volume of rainwater collected by a RWH system 
is dependent on the annual rainfall and the amount of that rainfall captured by the RWH 
system.  
Harvested rainwater is used for toilet flushing, clothes and personal washing and as a 
means of supplementing mains water supply.  It is also used as a source of drinking 
water in regions where water is scarce due to drought (Australia) or regions where there 
are no mains supplies (India).  It is used for garden and crop irrigation and in some 
areas for aquifer regeneration (UN Habitat, 2005). 
3.1 Roof Water Harvesting Components 
 
All rainwater harvesting systems can be divided into six components (Texas Water 
Development Board, 2005).  
 Catchment surface 
 Conveyance system 
 Filtration / separation 
 Storage 
 Delivery  
 Use 
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 Catchment surface 3.1.1
 
This is the area from which the rain runs off to the collection system. In most instances 
it is the building’s roof. Any roofing material may be used for rainwater harvesting for 
non-potable use (Kinkade-Levario, 2007). As roofing materials can influence the quality 
of the rainwater that is collected they must be considered carefully if the RWH system 
is to be used for potable water supply.  For example rainwater collected from a green 
roof is likely to be coloured (BS 8515:2009).   The volume of rainfall captured is 
determined by the roof’s run-off co-efficient. For any catchment this is the ratio of the 
volume of water that runs off the surface to the volume of rainfall that falls on the 
surface (UN Habitat, 2005).  
 
 
 
Table 3.1 gives values for run-off coefficients for some roofing materials. It also 
indicates some of the inefficiencies in terms of rainfall capture to the RWH system. As 
rain falls some of the rainfall is trapped by the roof material or is held in depressions on 
the roof and does not progress to the conveyance system. 
Roof Type Run-off 
Pitched roof with profiled metal 
sheeting 
0.9 
Pitched roof with tiles 0.8 
Flat roof without gravel 0.8 
Flat roof with gravel 0.8 
 
Table 3.1  Runoff co-efficient for roofing materials (BS 8515:2009) 
 
A roof with a run-off co-efficient of 0.8 will convey 80% of the rainfall incident on it to 
the collection system for harvesting, while 20% of the rainfall will be lost to the RWH 
system.  
Roof run-off co-efficient =  Rainfall on roof  
 
           Rainfall flowing from roof 
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 Conveyance system  3.1.2
Includes gutters and down pipes to convey the rain from the roof to the storage tank. 
Roof outlets, guttering and pipe work should allow for routine maintenance and 
cleaning. Collection pipe work should allow the rainwater to flow by gravity or siphonic 
action to the storage tank(s). To prevent stagnation the pipe work should be free 
draining and also prevent contaminated water entering the system from outside sources.  
Ground level gullies should be sealed to prevent debris/pollutants entering the system 
(BS 8515: 2009). Guttering can be either standard construction material or specially 
designed to either maximise the amount of harvested rainfall or to enhance the building 
facade. 
 Filtration / Separation  3.1.3
 
Protecting the quality of the harvested rainwater requires that roof debris and dirt be 
excluded from entering the storage system. Introducing a filtration system before the 
collected rainwater enters the storage tank prevents debris accumulating in the tank (BS 
8515:2009). This helps to protect the quality of the rainwater collected and stored by the 
RWH system. A filtration system should include a filter that has the following 
characteristics (BS 8515:2009); 
i. water and weather resistant 
ii. removable and readily accessible for maintenance purposes 
iii. has an efficiency of at least 90% 
iv. passes a maximum particle size of <1.25 mm. 
 
The type of filtration required depends on the ultimate use of the harvested rainwater. 
The requirements and specifications of filters used where the harvested rainwater is 
used for potable use – drinking / cooking  are much more exacting than for non-potable 
uses such as toilet flushing / garden irrigation.  
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Figure 3.1  (a) Debris collecting in gutters   (b) Gutter filter (c) Leaf filter on downpipe 
 
 
Figure 3.1 (a) shows the type of debris that can build up in gutter, by placing a screen 
along the gutter (Figure 3.1 (b)) leaves and other large particles of debris are prevented 
from being washed into the gutter. A leaf filter Figure 3.1 (c) on the downpipe allows 
the rainwater through while leaves are washed off from the sloping mesh.   
A second method of protecting the rainwater quality is to wash the roof surface by 
collecting the first few millimetres of rainfall and discarding it. This is known as first 
flush. Any accumulated debris or pollution sources present on the roof surface are 
removed before they can enter the storage tank. The WHO recommends the first 20-25 
litres for the average sized roof be diverted and discarded. Studies by Martinson and 
Thomas lead them to conclude that “For each mm of first flush the contaminate load 
will halve” (Martinson, Thomas, 2005). 
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Figure 3.2  Examples of First flush devices 
 
Figure 3.2 shows some first flush devices. As rainwater enters the chamber, it fills and 
the float rises with the water level until the float closes off the entrance to the chamber 
(Rain Harvesting, 2009).  The rainwater then flows to the storage tank. The chamber 
holds the first rainfall and any debris washed from the roof. This chamber has a small 
opening that slowly releases the water to waste, resetting the first flush device for the 
next rainfall event.  
 Storage system  3.1.4
 
The storage system consists of a tank or tanks which store the water for immediate and 
future use. The inlet to the tank from the collection system should be via a calmed inlet 
(Figure 3.3). The velocity of the water is slowed down so that it enters the tank without 
disturbing and re-suspending any fine settled material or bio-film at the tank bottom.  
The calmed inlet facilitates the introduction of oxygen to the bottom layers in the tank 
by introducing aerated water to the bottom of the tank. This prevents anaerobic 
conditions forming keeping the stored water fresh (Bio Pure Technologies, 2012). 
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Figure 3.3  Calmed Inlet 
(Image available at   www.waterwhileaway.co.uk/images/VF-filter-wit) 
 
 
A variety of materials are used in the construction of storage tanks. Some of these 
materials are given in Table 3.2 
Tank 
material 
Use 
Steel In the UK if steel tanks are used, it is recommended that such tanks conform to BS EN 10143   
i.e. steel used is coated with non-corrodible materials (BS 8515:2009) 
Many rainwater tanks in Australia are manufactured from galvanised steel. Galvanised steel is 
not rust resistant, but can be coated with rust resistant coatings such as Zincalume or Aquaplate 
™.  
Galvanised steel acquires a thin film after initial corrosion. This protective film coats the surface 
of the steel and prevents further corrosion. It is important not to disturb this film when cleaning 
the tank (Cunliffe, 1998) 
Concrete Concrete and ferro-cement tanks can be installed underground because of their longevity and 
strength. Lime can be leached from new tanks resulting in the pH of the water increasing.  
This can impart a taste to the water if the RWH system is to be used for potable water supply. 
Such tanks may need to be flushed before use (Cunliffe, 1998).  
 
Fibreglass Fibre glass tanks used for rainwater collection and storage are manufactured with a cured food 
grade lining on their interior surface. These tanks must be manufactured to prevent light entry. 
The exclusion of light into the tank discourages algal growth in the tank (Cunliffe, 1998). 
Plastic  An increasing range of tanks are made from polymers. For rainwater collection and storage the 
type of plastic tank used depends on the use the rainwater is to be put to. Where the RWH system 
is used to provide drinking water the tank and plastic liners for tanks must be manufactured from 
food grade materials.  In Australia where RWH systems regularly supply drinking water 
materials used in manufacture of the tanks must comply with the standard AS 2070. 
 
 
Table 3.2  Tank materials used in RWH systems 
 
 
Pipework connections should allow the through flow of water to avoid problems of 
water stagnation, ventilation points should be screened and tanks should have lids to 
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prevent contamination. The stored water must not be capable of reaching temperatures 
suitable for Legionella reproduction (BS 8515:2009). This factor must be considered 
when deciding on a site for the storage tanks. Lids must be securely fitted to prevent 
drowning hazards and to omit light thus preventing algal growth. For tanks positioned 
above ground risk of leakage must be considered hence additional drainage and bunding 
may be necessary. Loading of the structure is important when deciding on a location for 
storage tanks (BS 8515:2009). 
 Delivery system   3.1.5
There are three basic types of delivery system used to supply harvested rainwater water 
to the site of use (BS 8515:2009).  They are described as follows; 
i. Direct system – harvested rainwater pumped directly to the points of use; 
ii. Gravity system – rainwater fed by gravity to the points of use; 
iii. Indirect system   rainwater - pumped to an elevated cistern and fed by gravity to 
the points of use. 
These systems are illustrated as follows; 
 
Direct system – harvested rainwater pumped directly to the points of use 
In a direct RWH supply system or pressurised system (Roebuck, 2008) rainwater is 
firstly collected from the roof and stored in a storage tank. The harvested rainwater is 
then pumped directly from the storage tank to the point of use on demand such as toilets 
or washing machines (BS8515:2009). 
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Figure 3.4  Direct system -Rainwater collected and pumped directly to points of use (adapted from  
BS 8515:2009) 
 
Mains top is provided to the storage tank to ensure constant supply of water for use in 
the event of long periods of dry weather.  No header tank is used in this system.   When 
the storage tank is full any incoming harvested rainwater will flow to overflow to either 
the sewer system or soak away facility. Advantages of directly pumped systems are that 
they are ideal for garden hoses and washing machines as the water is provided at mains 
pressure and that they do not require a header tank (Roebuck, 2008).    If the pump fails 
due to mechanical/electrical failure or power loss no water can be supplied to points of 
use. Thus toilet flushing would require the use buckets of water and washing machines 
could not be used.  Mains top-up controls can also be more complicated than with 
indirect and gravity fed systems (Roebuck, 2008). 
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Gravity system – rainwater fed by gravity to the points of use 
 
 
Figure 3.5  Gravity system - Rainwater collected in storage tank and fed by gravity to points of use 
(adapted from  BS 8515:2009) 
 
This is the type of system installed at Carrowholly National School, Westport Co. 
Mayo. 
In a gravity fed RWH system, the harvested rainwater is collected, filtered and piped 
directly to the storage header tank in the roof (BS8515:2009).  Having the only storage 
tank in the roof is the main difference between a gravity fed system and the direct RWH 
and indirect RWH system. The harvested rainwater is delivered to its points of use via 
gravity.  The storage tank should be at least 1m above the points of use (Roebuck, 
2008).  Mains top-up (not shown) is supplied to the storage header tank to ensure water 
availability in the event of a dry weather. When the storage tank is full any additional 
rainwater supplied to the tank will overflow to sewers or soak away system. An 
advantage of this system is that no pump is required unlike the other systems so 
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electricity supply is not required, and risk of pump failure is eliminated.  Disadvantage 
of a gravity system is that volume of harvested rainfall that can be stored with this 
configuration is potentially less than for the other two systems. Water pressure may be 
an issue, it may be less than that of mains supply. This can cause poor performance in 
the RWH fed appliances e.g. slower filling toilets or with some models of washing 
machine the water pressure may not be sufficient and they stop working (Roebuck, 
2008). 
 
Indirect system   rainwater - pumped to an elevated cistern and fed by gravity to 
the points of use 
 
Figure 3.6  Indirect RWH - Rainwater collected in tank, pumped to an elevated tank, points of use 
fed by gravity (adapted from  BS 8515:2009) 
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This is the RWH system used during the study at the domestic site at Ballinabrannagh, 
Co. Carlow and at the agricultural site at Clonalvy, Co. Meath.  
In an indirect RWH system, the harvested rainwater is stored in an underground storage 
tank, and then pumped to an elevated tank and points of use are supplied by gravity. 
Mains supply acts as a backup in the event that there is insufficient harvested rainwater 
available (BS8515:2009).   Advantages of this type of RWH system include, in the 
event of pump failure water will still be supplied to the points of use via mains top-up 
facility.  Low cost pumps and simple controls are possible and systems tend to be 
energy efficient as the pump runs at full flow (Environment Agency, 2007).  
Disadvantages are similar to the gravity RWH, low pressure feed to appliances may be a 
problem. The low pressure issue has been solved by some commercial RWH systems by 
using a hybrid system (Roebuck, 2008). Toilet demand is supplied via gravity from a 
header tank with a mains top-up facility. While water for the washing machine and 
garden use is supplied using a pump at equivalent mains pressure. This hybrid system 
has the advantage that if there is a pump or power failure toilet demand is supplied and 
toilets can be flushed normally.  
 Uses  3.1.6
 
BS 8515:2009 states that using harvested rainwater for toilet flushing and general 
garden watering is considered to be low risk as the level of human exposure to the water 
is low. If rainwater is used for pressure washers and garden sprinkler systems, these 
increase the creation of aerosols which poses an increased risk of exposure. In this case 
a risk assessment is required to evaluate the potential sources of contamination entering 
the system (BS 8515:2009). If the RWH system is to supply drinking water or bathing 
needs then a more rigorous treatment regime is required.  Disinfection of the water is 
required; this can be achieved using UV- lamps and/or chemicals. 
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3.2 International Policy – Rainwater Harvesting 
 
“The best rainwater harvesting policies protect water as a human right, protect public 
health and promote sustainability. Through a combination of incentives, taxes and 
penalties, meaningful water conservation can be achieved” (Meinzen, 2009).    
 Germany 3.2.1
 
Germany is a leading exponent of RWH, since 1970 pro-environmental legislation in 
the areas of water legislation, building regulations and municipal ordinances have 
increasingly been modified and up graded to increase sustainable resource conservation 
and protection and maintenance the natural water cycle (Koenig, 2005). 
Initially the main thrust of the German Water Resources Act (WHG) legislation was a 
political imperative to ensure “secure and hygienically safe water supply”. This has now 
been overtaken by a more ecological principle added in Section 1a, which states that 
“Everyone is obligated,.. to endeavour to use water economically, in order to protect 
available water resources.”  And that sustainable water conservation is needed   “...in 
order to maintain an adequate water supply while sustaining the water balance, and 
prevent increased water runoff (Koenig, 2005).  
The popularity of rainwater harvesting in Germany may be attributed to two factors, 
cost of mains water to the consumer and the implementation of a rain tax. As part of this 
sustainable ethos, rain taxes are collected relative to area of impervious surface cover on 
a property that generates runoff directed to the local storm sewer (Meinzen, 2009). In 
Berlin and many other German cities a charge has been levied since 2000 for the 
diversion of rainwater to the sewer system. Between 2008 and 2012 charges in Berlin 
for rainwater diverted to the sewer system increased from €1.72 per m2 drained area to 
€1.83 per m2. While over the same period water charges decreased from €2.07 to €2.03 
per m
3, and waste water charges decreased from €2.57 to €2.46 per m3. Producing 
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approximately 80,000 RWH systems annually, Germany is leader in development of 
rainwater harvesting systems (König, Sperfeld, 2003). 
 United States 3.2.2
 
Rainwater harvesting is popular in rural areas in the USA, a 1995 survey showed that 
there were approximately 250,000 rainwater harvesting systems in the USA (Kinkade-
Levario 2007).  Rainwater harvesting systems tended to be localised in areas either 
where centralised water supply systems are non-existent or where groundwater is not 
readily available or its use is unsustainable USA (Kinkade-Levario 2007). 
Rainwater harvesting systems are now gaining more wide spread popularity in the USA 
Changing climate conditions along with increasing populations have increased pressures 
and emphasis on finding alternatives to supplement water supplies. California and 
Atlanta, Georgia have introduced water restrictions due to the lack of rainfall (Kerrigan, 
2009).   The increased demand for water resources has encouraged municipal 
governments and educational institutes in providing educational courses and research to 
look at rainwater harvesting as a viable option to mitigating water shortages (Kerrigan, 
2009).  Some states have local laws and incentives to encourage water saving measures. 
Tax credits in Arizona are available as a one-off tax credit of 25% of the cost of water 
conservation system (the maximum limit is $1,000) for its residents. A water 
conservation system is defined as any system, which can harvest residential rainwater or 
grey water. (Lancaster, 2013) All commercial developments are required to harvest all 
roof drainage to cisterns so that the collected rainwater may be reused for landscape 
irrigation. In the Texan city of San Antonio up to 50% rebates are available for 
rainwater harvesting projects under the San Antonio Water System (SAWS).  In Santa 
Fe and Bernalillo counties and Albuquerque in New Mexico, residences of 2500 sq. ft. 
(232m
2
) or greater are required to install a rainwater harvesting system containing 
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cisterns. All commercial developments are required to harvest all roof drainage to 
cisterns so that the collected rainwater may be reused for landscape irrigation 
(Lancaster, 2013).  
Not all states encourage rainwater harvesting; Colorado and Washington have 
legislation which prevents rainwater collection due to a perceived threat to irrigators. 
These “water rights” are defined as “first in time, first in line”, thus those with oldest 
water rights control access to the water.  Some of these laws have been challenged and 
changed. 
 
 Australia 3.2.3
 
The Australian government put in place strategic programs called Water for the Future 
a ten year, $12.9 billion investment to improve management and delivering a range of 
water policy reforms in both urban and rural areas (DEWHA, 2010). Under its auspices 
the National Rainwater and Greywater Initiative funding is available to help people use 
water wisely (Department of Environment, Australia, 2012), Rebates are available for 
purchase and installation of a new rainwater tank connected for internal reuse of the 
water for toilet and/or laundry use. From July 2005 both new houses and apartments 
must be constructed to meet 5 Star standards to meet energy efficiency and water 
management requirements. This standard requires an energy efficiency rating for the 
building fabric; water efficient taps and fittings; plus either a rainwater tank for toilet 
flushing, or a solar hot water system are installed. In New South Wales a 40% reduction 
in mains water use was targeted under the Buildings and Sustainability Index (BASIX) 
regulations. Measures introduced included installing water efficient water fittings and 
use of a rainwater tank or alternative supply for toilet flushing and /or laundry use and 
for outdoor water use. Analysis of water savings made by customers of Rous Water in 
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New South Wales in 2013 showed that over the Rous Water supply system that on 
average 42% savings were made by households under BASIX (Rous Water, 2013). 
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 Domestic Rainwater Harvesting project 4
4.1 Project site:  Milford Park, Ballinabrannagh, Co. Carlow 
 
The site chosen for investigation of the domestic use of rainwater was a new housing 
estate six km south of Carlow town at Milford Park, Ballinabrannagh, Co. Carlow, at 
52° 47' 08" N 6° 59' 56" W. This location is shown in Figure 4.1.  
 
 
 
 
Figure 4.1  Map of Domestic site at Milford Park, Ballinabrannagh Co. Carlow 
 
 
Mains water is supplied by the Ballinabrannagh group water scheme. Initially four 
houses were selected for study, one, a bungalow fitted with rainwater harvesting (RWH) 
facilities, and three two-storey houses with standard plumbing. The three standard 
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houses acted as controls and were monitored for water use only, so that any water 
savings made by the RWH system installed could be evaluated.  Additionally, 
monitoring the four households allowed for patterns of water use to be investigated and 
calculation of per capita consumption (PCC). 
Local weather conditions were recorded using a Vantage PRO2™ Weather Station 
(Figure 4.2) from Davis Instruments. It was installed on a farm within few hundred 
metres of the housing estate in 2005.  Weather data was sent wirelessly to a Davis 
weather console situated within 100m of the weather station (Figure 4.3) for storage via 
a data logger. Using the Davis software package Weatherlink™ the stored weather data 
was downloaded approximately every 6 weeks between November 2005 and March 
2008. 
                                
Figure 4.2 Davis Weather Station at Ballinabrannagh    Figure 4.3 Davis Weather Console   
 
 
4.2 Design 
 
The design criteria for the RWH system was to supply 45 litres per head per day (l
-1
hd
-
1
d
-1
) for toilet use in a four person household with capacity for a thirty day dry storage 
period. This required that the system have 5.4m
3
 storage capacity.  The RWH system 
installed (Figure 4.4) collected the harvested rainwater in a 9m
3
 underground storage 
tank. The rainwater was pumped on demand to a header tank in the attic from which the 
toilets and garden tap were supplied by gravity.  
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Figure 4.4  Rainwater System installed in Ballinabrannagh, Carlow 
 
4.3 Site works 
 
During construction of the house with rainwater harvesting a 9m
3
 pre-cast concrete 
collection tank was installed underground on a foundation of gravel in the front garden 
(Figure 4.5). 
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Figure 4.5  9m
3
 Underground tank in the garden 
 
Down pipes which normally drain rainwater from the roof to the drainage system were 
connected via an inline Rainman Type1 filter (Figure 4.6) to the inlet of the collection 
tank in the garden. A calming or smoothing inlet in the collection tank was installed 
which calmed the water as it entered the tank preventing any settled material at the tank 
bottom being disturbed (Figure 4.7).  
 
 
 
 
 
 
 
Figure 4.6  Inline Rainman Type 1 Filter                Figure 4.7  Calming Inlet in underground tank 
 
Extra pipe work was required to connect the collection tank’s overflow and the filtered 
rainwater waste containing roof debris such as leaves to the drainage system. To ensure 
that the rainwater quality was not compromised by debris and dirt from paths around the 
house, points where the down pipes connect with the ground pipes were sealed using 
silicone sealant. This seal prevented dirt inflow to the RWH system and was easily 
removable if required (Figure 4.8). In the second phase of construction, houses fitted 
with a rainwater harvesting system had a plastic cover fitted at the point where the 
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downpipe connects with ground pipe. This cover was sealed with silicone sealant 
(Figure 4.9).  
                  
Figure 4.8  Silicone sealed down pipe    Figure 4.9  Plastic seal  
   
 
In addition to the normal mains header tank in the attic, a second header tank was 
installed. In the three control houses the mains header tank supplied the hot and cold 
water systems including the toilets. In the RWH house the mains header tank supplied 
the hot and cold water systems excluding the toilets. The extra header tank provided 
storage for the rainwater supplying the toilets in RWH house (Figure 4.10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10   Rainwater header tank & Mains header tank in attic of RWH House 
 
 
 
 
Mains top up  
Rainwater header 
tank 
Mains header tank 
Meter & Transmitter 
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A submersible Multigo pump (Figure 4.11) placed in the collection tank (Figure 4.13) in 
the garden pumped the collected rainwater to the rainwater header tank in the attic. The 
pump’s floating filter inlet (Figure 4.12) lay just below the water level, preventing any 
floating debris entering the pump. The pump had a safety mechanism which prevented 
the pump switching on if the water level in the tank was below a certain level. This 
protected the pump and prevented any settled material being disturbed, thus clogging 
the pump inlet or entering the rainwater header tank. 
 
 
Figure 4.11  Submersible Pump                           Figure 4.12   Floating filter inlet for pump  
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Figure 4.13   Underground Tank Schematic 
 
4.4 Control of the RWH system 
 
To control and ensure the smooth running of the system a control management system 
was installed. Similar to the system installed on the agricultural site, a ballcock was 
used to control the water level within the rainwater storage tank (header tank). When the 
level of the ballcock fell, it signalled to the management system to pump rainwater from 
the garden collection tank to the rainwater storage tank in the attic.  
A safety feature of the system was a pump cut-off control. This functioned during 
periods of dry weather when there was insufficient rainwater available in the collection 
tank.  The pump cut-off would engage to prevent the pump functioning. This would 
signal the management system to switch to the mains top up ensuring sufficient water at 
all times for toilet flushing. The mains top up device employed a Type AA air gap and 
   
49 
 
tundish (Figure 4.14) and ensured that no cross-contamination between the rainwater 
and the mains plumbing systems was possible.  
 
 
Figure 4.14   Type AA air gap 
 
4.5 Metering system 
 
A metering plan shown in Figure 4.15 was designed for monitoring water use within the 
control houses.  
 
Figure 4.15 Metering System installed in Control Houses 
 
M3 M4 
Cold Water 
System 
Mains Header 
Tank 
Hot Water 
System 
M1 
Mains 
In 
Taps – sinks 
/bath/ shower 
Taps – sinks 
/bath/shower 
Kitchen /Washing 
machine/dishwasher 
M = meter 
Toilets 
M2 
   
50 
 
The meters used were Bonyto Klasse C 1.5m
3
/h type. Meter 1 (M1) monitored the 
mains demand within the household; it was installed under the kitchen sink. Meters M2 
– M4 (Figure 4.16) were installed in the hot press in each house, M2 recorded water 
used in toilet flushing, M3 and M4 measured cold and hot water use respectively in the 
household at sink and bath taps and any appliances such as washing machines and dish 
washers.  
  
Figure 4.16  Meters plus transmitters installed in control houses & RWH house 
 
 
In one of the control houses the meter installed in the kitchen was removed to facilitate 
the installation of a water softening unit. A meter was subsequently installed externally 
to the house at the mains stopcock to the house (Figure 4.17). 
 
 
Figure 4.17   Meter with transmitter connected installed externally 
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Figure 4.18   Metering system installed in RWH House 
 
Figure 4.18 outlines the metering system installed in the RWH house. Meters M1 – M4 
monitored the same water parameters as for the three control houses. They were located 
as in the control houses, M1 under the kitchen sink, M2-M4 installed in the hot press. 
The additional meters, M5 and M6 were installed in the attic (Figure 4.10). Meter, M5 
monitored rainwater flow from the collection tank to the rainwater header in the attic.   
The volume of mains top up entering the rainwater header tank in the attic was recorded 
by a meter labelled M6.  
4.6 Monitoring System 
 
To minimise disruption to the householders a remote monitoring system, Hydrometer’s 
Hydro-Center was used (Figure 4.19).  Meters were fitted with a radio transmitter 
(Figure 4.20) that allowed meter data to be transmitted to the Hydro-Center data logger 
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for storage. Each meter’s reading was transmitted to and stored by the Hydro-Center 
four times per day: at 00:00, 06:00, 12:00 and 18:00. 
Due to site conditions, one Hydro-Center was incapable of picking up the transmitted 
meter readings from all four houses (Figure 4.21). Therefore two Hydro-Center units 
were employed, one was installed in the attic of one of the control houses; the second 
Hydro-Center in the RWH house attic.  
     
Figure 4.19  Hydro-Center Data logger,                          Figure 4.20   Meter Radio Transmitter  
 
 
Figure 4.21    Radio Receiver 
 
The Hydro-Center had mobile phone SIM card technology facilitating the remote 
downloading of stored data via a telephone and Hydrometer’s software package Hydro-
Center 2.35™ (Figure 4.22). 
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Figure 4.22  Schematic showing Hydro-Center system data collection, storage & retrieval 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hydro- Center Receiver picks up transmitted signal from meters’ 
transponders in the three houses, stores the data in data logger until 
downloaded via telephone line and Hydro-Center Software 
Meter at foot path 
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5 AGRICULTURAL RAINWATER HARVESTING 
PROJECT 
 
5.1 Project Site: Beshellstown House, Clonalvy Co. Meath 
 
The agricultural site was located at Clonalvy, Co. Meath, approximately 50 km north of 
Dublin at 53
0
 34’ 54” N 6o20’ 26” W  (Figure 5.1).  
 
Figure 5.1  Agricultural site at Clonalvy, Co. Meath 
 
Rainwater harvesting facilities were installed over the summer of 2006 on a 250 acre 
farm which at that time was home to 250 cattle. Originally, a dairy farm, the farmer 
switched to beef production during the project. In March 2007 there were 114 cattle and 
50 calves on the farm. Potable water is supplied to the farm by Meath County Council. 
The farm buildings are located in the centre of the farm; two of these buildings were 
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used giving a total catchment area of 1910m
2
 for the installed RWH system (Figure 
5.2). 
 
Figure 5.2  Farm schematic showing farm buildings used as rainwater catchment area 
 
 
5.2 Site Works 
 
The installation of the RWH facilities required construction/excavation and installation 
work to be carried out.  Pipe trenches were cut and excavated to lay pipes in the farm 
yard to convey the collected rainwater from the down pipes to a collection tank adjacent 
to one of the farm buildings (Figure 5.3). The guttering and down pipes on the farm 
buildings were replaced. Three 100 mm down pipes were used to convey the rainwater 
under gravity from the buildings’ roofs to the RWH system (Figure 5.4). Harvested 
rainwater is conveyed via underground pipe work to a collection tank. 
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Figure 5.3  Pipe trench excavation          Figure 5.4   New guttering and down pipe 
installation 
 
A 9m
3
 pre-cast concrete tank (Figure 5.5) to act as an initial collection tank for the 
rainwater was installed underground. Excavations were carried out for this tank and to 
lay a 25 mm pipe between it and the storage tank a distance of approximately 100m 
(Figure 5.7) Foundations were laid for the storage tank (Figure 5.6), this consisted of 2 
x 22m
3
 pre-cast concrete tanks joined by a 100 mm pipe. 
 
 
 
 
 
 
 
Figure 5.5  9m
3
 Collection tank 
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Figure 5.6  44m
3
 Rainwater Storage tank 
 
 
 
Figure 5.7  Farm schematic showing collection and storage tanks 
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5.3 Filtration System 
 
As the site had numerous trees near the farm buildings used to harvest rainfall. A 
filtration system was needed to prevent leaves and other material being washed into the 
gutters thus entering the RWH system (Figure 5.8). Initially a custom made filter was 
manufactured to prevent leaves being washed from the building roofs into the RWH 
system (Figure 5.9).  
             
Figure 5.8  Leaves in gutter            Figure 5.9  Custom made filter initially used with RWH 
system 
 
This filter was installed in the gutter at the connection between the gutter and down pipe 
as shown in Figure 5.10.  
 
Figure 5.10  Custom made filter used initially with the RWH system 
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While effective in preventing leaves and other debris from entering the collection tank, 
it caused the gutter to overflow due to a backlog of leaves and debris in the gutters. The 
farmer removed the filter rather than clean out the gutters on a regular basis. The 
floating filter intake for the pump became clogged with debris washed into the 
collection tank. 
       
Figure 5.11  Damage to submersible pump and floating inlet when no leaf filtering system in place 
 
Commercially available filtration components were sourced and installed. A Lindab 
leafbeater and a BRAE  filter were installed on the three down pipes conveying 
rainwater to collection tank via the underground pipe work (Figure 5.12)  
 
 
 
 
Figure 5.12  Lindab leafbeater and  Easy Clean Nest filter installed on down pipe 
Lindab leafbeater 
BRAE  filter 
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Figure 5.13  Lindab leafbeater   and Easy Clean Nest filter removing debris from rainwater on 
route to collection tank 
 
The Lindab leafbeater filtered off any large debris from the rainwater flowing in the 
down pipe. As the rainwater flowed it washed any trapped debris away and out of the 
water stream flowing downwards towards the collection tank. The BRAE  filter 
removed any particles which passed through the leafbeater (Figure 5.13). It is designed 
for ease of inspection and cleaning. It was evident when the filter was clogged, to clean; 
the mesh was removed to wash off any trapped particles and then replaced. 
5.4 Control of System 
 
A submersible Multigo pump was installed in the collection tank to allow pumping of 
rainwater up to the storage tank. From the collection tank the rainwater was pumped up 
to two interconnected 22m
3
 concrete storage tanks giving a total storage capacity of 
44m
3
.  
The cattle troughs on the farm were fed from the storage tank by gravity feed. The 
storage tank is approximately 9m above the collection tank and cattle troughs. 
 
Debris trapped by 
BRAE  filter 
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An electronic RWH system controller was installed in the farm building adjacent to the 
collection tank (Figure 5.14).  
          
Figure 5.14  Control panel installed on the farm to regulate water flow within system 
 
This controller was connected to ball-cocks installed in the storage tank to control the 
movement of water within the RWH system. Two ball-cocks were installed in the 
storage tank; one controlled the infilling of rainwater from the collection tank, the 
second controlled the flow of mains water to top up the system (Figure 5.15 & 5.16). On 
the side panel of the control panel a red light was connected and mounted to give a 
quick visual check that the pump was functioning. 
 
Figure 5.15  Ballcock control in storage tank 
Ballcock controlling 
mains water top up 
Ballcock controlling 
rainwater level 
   
62 
 
 
 
 
Figure 5.16  Water level control in storage tank 
 
 
 
 
Figure 5.17  Top-up and Rainwater inlets to storage tank 
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The ballcock controlling the rainwater flow to the storage tank was set at approximately 
3m from the tank floor. It controls the pump in the collection tank, switching it on and 
off as required. The second ball-cock was installed at approximately 1m above the tank 
floor providing mains water back up to the storage tank (Figure 5.17). This ensures 
water supply to the cattle troughs during periods of dry weather if there is insufficient 
rainwater available or if the pump fails. Gravity is used to distribute water to the 
farmyard troughs and some of the field troughs. 
 
5.5 Metering the RWH system 
 
 
Figure 5.18  Farm meter installation plan 
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The aim of this research was to evaluate the feasibility of substituting captured 
rainwater for mains water to supply drinking water to the livestock on the farm. To 
measure the water consumption on the farm and the volume of rainwater that could be 
supplied, a metering system was designed and installed. This metering plan is shown in 
Figure 5.18. 
Meters were installed on the mains supply to and about the farm (M1) (M2), the houses 
on the site (M3), on the mains water backup to the storage tank (M5). Meters were 
installed on the rainwater feed from the collection tank to the storage tank (M4) and on 
the pipe feeding the cattle troughs from the storage tank (M6).  
The meters used were Bonyto Klasse C 1.5m
3
/h type (Figure 5.19); each meter was 
connected to an Endress + Hauser MinilogB data logger (Figure 5.20 & Figure 5.21).  
      
Figure 5.19  Bonyto Klasse C meter  Figure 5.20  Meter connected to MinlogB Data logger 
 
   
 
Minlog B 
data logger 
Meter (M2)  
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Figure 5.21  MinilogB loggers on storage tank  Figure 5.22  Downloading data logger 
data 
 
Meter readings were recorded and stored by the data logger at 4 hourly intervals. The 
stored data was downloaded from the MinilogB data-logger using a laptop running the 
Endress + Hauser software ReadWin 2000 approximately every six weeks (Figure 
5.22). 
To monitor local weather patterns a Vantage PRO2™ Weather Station from Davis 
Instruments was installed on the farm (Figure 5.23). The software package Weatherlink, 
was used to download the weather data stored by the station’s data logger 
approximately every 6 weeks. 
 
Figure 5.23  Vantage PRO2™ Weather Station installed on the farm 
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6 School Rainwater harvesting project 
6.1 Project Site  
 
The site was at Carrowholly National School, Westport, Co. Mayo. A rainwater 
harvesting facility was installed in the school as part of a new extension. The design, 
installation and commissioning of the Rainwater Harvesting system was carried out by a 
local architect.  The National School in Carrowholly, Westport Co. Mayo was opened in 
1946. The school is located in the parish of Kilmeena in County Mayo at 53
048’ 52.92”, 
-9
0.35’ 28.29”. Situated on the shores of Clew Bay and at the base of Croagh Patrick, 
the school is positioned three kilometres north–west of the town of Westport (Figure 
6.1). It is sited on a high, level plain and the prevailing wind direction is south-westerly.  
 
 
Figure 6.1 Location of Carrowholly National School 
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The school has green flag status which signifies the school’s efforts to promote 
environmental awareness. The existing school was extended and totally refurbished in 
2001. 
Figure 6.2 shows the front elevation of the school facing the road, showing the original 
school building dating from 1946 together with an extension designed to blend in with 
the original style. Figure 6.3 shows a right elevation showing the extension to the rear of 
the original school building, which was designed to contrast the original style. Figure 
6.4 shows the rear elevation showing a close up of the new extension.  
 
 
 
Figure 6.2  Front Elevation showing original school building (source: Google Earth) 
 
 
 
Figure 6.3  Right Hand Side Elevation showing new extension to rear (source: Google Earth) 
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Figure 6.4  Rear elevation showing new extension (source: Google Earth) 
 
 
 
 
 
6.2 Rainwater Harvesting System  
 
6.2.1 RWH System Design Parameters 
 
The RWH system was designed by Robert Kilkelly & Associates, Civil Engineering and 
Architectural Services, Westport, Co. Mayo. The design parameters and specifications 
are as follows: 
 Roof Catchment Area = 124 m2 
 Rainwater Harvesting Tanks: Two number 682 litre Polyethylene Cold water 
cistern covered tanks. Supplied by Envirocare Pollution Control, Dunmore 
Road, Glenamady Co. Galway.  
 Rainwater filters used were Koss Milk Sock Filters, supplied by Chemical 
Services Ltd., Chapelizod Industrial estate, Dublin 20. 
  A standard ball cock was placed on the mains inlet pipe which shuts off when 
full and to prevent syphonage. There were no non- return valves placed here. 
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Table 6.1  RWH System Design Parameters (Kilkelly & Associates, 2008) 
 
 A meter was fitted on the inlet from the mains. Meter supplied by T.C.M 
Controls Ltd. Greenmount Industrial Estate, Dublin 6. 
 The meter on the toilets that was fed from the water harvesting tank was placed 
on the outlet from the water tank in the plant room, to reduce tampering from 
kids at WC’s 
 The cost to supply and fit the water harvesting units, including the filters, meters 
etc. was €7000. 
 Annual cost of water to school was a flat rate of €325.  
 The 4 WC’s fed from the Rainwater harvesting tanks were fed direct by gravity 
and were the only pipe work from these tanks. 
 There was no pump in the RWH system. 
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Figure 6.5  Rainwater Harvesting System Layout 
 
  Photo 2: Sarnafil Roof Covering  
Photo 1: Covered Rainwater Storage 
Tank 01  Photo 3: Covered Rainwater Storage Tank 02 
 
 
Rainwater Inflow  
from Roof 
Overflow to 
SW system 
 Photo 4: Interior of RWH storage tank 
showing Koss Milk Filter on inflow 
from roof. 
 
Photo 5: Inflow from gutter to RWH storage tank fitted 
with Koss Filter and Overflow to surface water (SW) 
drainage system 
 
 
 
Photo 7: Ball cock controlling mains water top up to rainwater storage tank 
Photo 6: Overflow pipes from rainwater storage tank to SW drainage 
system 
Rainwater Inflow  
to storage tank 
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6.2.2 RWH System Operation  
 
Figure 6.5 shows the principle components of the RWH system which was divided into 
two separate RWH systems installed on either side of the building. A cross section 
through the rear extension is shown. The roof catchment area draining to each system 
was 62m
2
, providing a total catchment area of 124m
2
. The roof covering comprises a 
Sarnafil membrane (Photo 2). The roof is pitched at approximately 10 degrees 
resulting in rainwater draining to the roof edge which comprised a 150mm deep 
perimeter. Within the roof perimeter gutters channel the rainwater directly to the storage 
tanks located on each side of the roof space. Each tank has a storage capacity of 682 
litres and is fitted with a lid (Photo 1& 3). A first flush device was not fitted to either 
RWH system. Photo 5 shows a 150mm pipe which directs the rainwater from the 
external channel to the internal storage tank. Rainwater is directed straight through to 
the storage tank via a 50mm pipe as shown. A 100mm diameter overflow pipe is also 
shown which drains to the external roof channel. Photo 4 shows an internal view of the 
rainwater storage tank showing the filter sleeve fitted to the 50mm inflow pipe. This is a 
cloth geotextile filter with 4mm aperture to capture any fines from the roof surface. 
Mains water is piped to the rainwater storage tank. Photo 7 shows the ball cock valve 
which controls the mains water inflow. The level of the ball cock is set below the level 
of the intake from the rainwater. During periods of low rainfall intensity, if the level of 
water stored in the tank falls below this critical level the mains water supply valve will 
open. Conversely, during period of high rainfall intensity the mains supply valve will 
close and water will be supplied from rainwater only. This top up system ensures 
reliability of supply. The rainwater storage tank has a secondary overflow system as 
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shown in Photo 6 comprising two 50mm pipes. There are no pumps in this system. 
Rainwater from the roof drains by gravity to the storage tanks. Supply from the storage 
tanks to the building is also by gravity system.  
 
6.3 Water Supply monitoring system 
6.3.1 Rainwater Harvesting Supply 
 
To monitor the RWH system, flow meters were installed on the mains top up to each 
storage tank and on the toilets fed by the RWH system. The flow meters installed were 
Bonyto Klasse C 1.5m
3
/h type as shown in Figure 6.6. A schematic of the metering 
system installed is shown in Figure 6.8. 
 
Figure 6.6  Bonyto Klasse C 1.5m
3
/h type used to monitor toilet use 
 
  
Meter 201 and 202 recorded the mains top up to the storage tanks at times where there 
was insufficient rainwater in the storage tanks to meet toilet demand (Figure 6.7). 
 
           
Figure 6.7 Meters 201 & 202 on mains top up to storage tanks 
   
73 
 
 
Figure 6.8  Schematic showing monitoring system installed on RWH supply. 
 
 
Meters 301 and 302 recorded the toilet use by junior and senior infants’ classes. Meters 
304 and 305 recorded toilet use by first and second classes. Student toilets supplied by 
mains water were fitted with meters as shown in Figure 6.8. 
 
6.3.2 Mains Water Supply  
 
Meters were also installed on toilets fed by mains water only. Figure 6.9   shows a 
schematic of this monitoring system.  
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Figure 6.9  Metering system for mains supplied student toilets 
 
Meters 401 and 402 recorded toilet use by the students in third and fourth classes. 
Meters 403 and 404 recorded toilet use by fifth and sixth class students.  Meter 405 
recorded toilet use in the disabled toilet, while meters 406 and 407 monitored the girls 
and boys toilets on the corridor. The non-potable mains water used in the school was 
metered and designated meter reference number 101. 
6.3.3 Data collection 
 
To minimise interruption of the daily school activities a remote monitoring system was 
installed. A radio transmitter was fitted to each flow meter allowing for readings to be 
transmitted to a storage device at pre-set time intervals (Figure 6.10).  
 
   
75 
 
  
Figure 6.10   Radio transmitters attached to meters 
 
The storage device used was a Hydro-Center supplied by Hydrometer. Flow meter 
readings were transmitted to, and stored by, the Hydro-Center four times per day at 
00:00, 06:00, 12:00 and 18:00.  The Hydro-Center had a mobile phone data SIM card 
facility (Figure 6.11). Using Hydrometer software (Hydro-Center 2.45), stored data 
from the flow meters was downloaded via a telephone line.  
 
 
 
Figure 6.11 Hydro-Center 60 storage unit and data SIM card connection 
 
 
 
 
 
Meters with radio 
transmitter attached 
Hydro-Center 60 
data storage unit 
Mobile phone 
SIM data card 
connection 
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 Thesis Data – Rainfall and Water Use 7
 
This chapter presents the monitoring results from each of the three pilot rainwater 
harvesting study areas, Milford Park, Ballinabrannagh, Co. Carlow, Beshellstown farm, 
Clonalvy Co. Meath and Carrowholly National School, Westport Co. Mayo. The daily 
tank balance for each of the RWH at each site was modelled. To investigate how the 
RWH installed in Carlow would cope with the differing domestic demands; the RWH 
tank was modelled using the daily demand measured at the three control houses. Using 
the model water efficiency ET of how much mains water could be save was calculated 
for different size tanks to investigate the effectiveness of the RWH in a domestic 
setting. 
7.1 Modelling Rainwater systems 
 Mass Balance Model 7.1.1
 
The function of a mass balance model is to set up a boundary and quantify any inputs 
and outputs across that boundary. In the case of a domestic rainwater harvesting system 
the inputs are rainfall and mains top up, while the outputs are the yield from the storage 
tank and the overflow. 
To set up a mass balance of a rainwater harvesting installation, it is necessary to take 
account of the rainwater harvesting process. This process is described in Fig 7.1. Here 
the rainfall incident on the roof is given the value R. The quantity of any rainfall 
incident, i.e. the inflow to the tank during time t, is a function of the effective roof area 
and the quantity of Rainfall, and is therefore AR. However, this can also be written as 
Qt, where Q is the rainfall run off/inflow to the tank, in time t. 
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Figure 7.1  A rainfall event characterised by its constituent elements ( diagram Campisano 
A, Modica C, 2012) 
 
The rainwater enters the tank, which has a storage capacity S. What happens to the 
rainfall when it enters the tank is a function of the water in the tank, from previous 
rainfall incidents. The volume, V from a rainfall incident prior to t, is given by V (t-1). If 
this volume, and the volume of the Rainfall incident, AR (=Qt) together exceed the 
capacity of the tank, the water will overflow from the tank. This   is designated as Od. 
The water available from the tank is referred to as the yield, Y. 
 
 
 Description Units 
R rainfall m 
Qt = AR effective catchment area m2 
Y RWH tank yield m3 
V(t-1) 
 
volume in storage from previous 
time-step 
m
3
 
D demand m3 
M mains top up m3 
Od tank overflow m3 
S storage tank size m3 
 
Table 7.1 The constituent elements of a rainwater harvesting system 
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The demand for water comes from the house, in Fig7.1 represented by the toilet and 
designated D. If the demand is greater than the yield available, then the demand is met 
by mains top up, designated M. 
Hence the volume of water in the storage tank, V, at the end of time t, is Vt.  This is a 
function of the volume, V, from a rainfall incident prior to t, V (t-1), the inflow to tank 
during time t, Qt, and the demand in time t, Dt.  The volume of water in the storage tank 
is greater than zero and less than the storage volume of the tank, s.  
This gives a water mass balance [Ward et al, 2008] of 
Vt = Vt-1 + Qt-Dt     where   0 ≤ Vt ≤ S. 
However this mass balance does not allow for the overflow and to take this quantity, 
Qd, into account the yield after spillage (YAS) model is used. This assumes that the 
current yield Yt, is the minimum value between the volume of stored rainwater at the 
previous time interval, V (t-1), and the demand in the current time interval, Dt. This 
allows the current stored rainwater  Vt, to be obtained by adding the current roof top 
rainwater runoff Qt (or A.Rt),  to the volume of rainwater in storage at the previous time 
interval, Vt-1, and subtracting the current yield Yt,  with any excess i.e.,  no storage 
capacity left  in the tank, discharged to the surface water drainage system.  This is 
shown below 
 
   
 
 
                          Vt-1 + Qt - Yt, 
   Vt = min     
                          S-Yt 
 
                         Dt, 
Yt = min 
                        Vt-1  
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The yield (Yt) from the storage tank is assigned as the smaller of the two. If the volume 
stored (Vt) in the current period leads to a volume greater than the storage capacity S, 
the excess rainwater will spill through the overflow facility and the yield is then 
subtracted [Fewkes & Warm 2000]. 
 
Monitored Parameters 
 
Several variables determine the performance of domestic RWH systems. These include 
the storage capacity of the rainwater tank, household consumption or water demand 
patterns, effective rooftop area and rainfall data 
At the domestic site in Carlow the following quantities were monitored. Rainwater 
entering the tank or inflow, Qt/A.Rt, Demand in the house, D, the yield from the 
rainwater harvesting Yt, and the mains top up Mt. From analysis it was possible to 
attach values to tank overflow Od, and the volume in the tank at the start, Vt-1.  
Dimensionless Parameters 
 
In the literature, dimensionless ratios are also taken into account. These fractions, allow 
the different combinations of demand, storage capacity, roof areas and precipitation to 
be considered (Campisano and Modica, 2012). In the following sections the demand 
fraction, the storage fraction, the rain fraction, the overflow fraction and the efficiency 
fraction will be quantified. 
The demand fraction, 𝐷𝑓, is given by = ((𝑡))/(𝑄(𝑡)), where D(t) is the demand over time 
t, and Q is the inflow to the tank over time t. The demand fraction is the fraction of 
inflow that is used to meet demand. 
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The storage fraction, Sf is given by   = ((St))/(𝑄(𝑡)), where S(t) is the storage capacity 
over time t,  and Q is the inflow to the tank over time t. The storage fraction is the 
fraction of inflow that can be stored. 
The rain fraction, Sm , is given by Sm=  (𝑆(𝑡))/(𝐷 (𝑛𝑑/𝑛𝑟)) , where S(t) is the storage 
capacity over time t, and D is the demand and 𝑛𝑑 and 𝑛𝑟 are the number of dry days and 
rainy days in the year, respectively and 𝑛𝑑/𝑛𝑟 is the average dry period (days) in the year 
per each rainy day.  The rain fraction relates the tank storage capacity to the water 
demand during the average dry period (Campisano and Modica, 2012). 
The overflow fraction,  Of,  is given by  Of(%)=  𝑂𝑑/𝑄𝑡 x100, where 𝑂𝑑 is the tank 
overflow and  Q is the inflow to the tank over time t, expressed as a percentage. The 
overflow fraction is the percentage of overflow lost related to tank inflow. 
The efficiency ratio, ET, is given by ET (%) = 𝑌/𝐷 x100, where 𝑌 is the RWH tank yield 
and D is the household demand, expressed as a percentage. The efficiency ratio is the 
percentage of demand that can be met by tank yield. 
In order to calculate optimum tank size for given yields and demands, the efficiency 
ratio will be used later in this section. 
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7.2 Pilot Domestic RWH Site: Rainfall at Ballinabrannagh, Co. 
Carlow 
 
 
Figure 7.2  Daily rainfall at Ballinabrannagh, Carlow, January 2006 – May 2008 
 
Rainfall at Ballinabrannagh was recorded by a Davis Instruments Weather Station 
installed on a farm approximately 400m from the RWH house. Figure 7.2 shows the 
daily rainfall pattern over the monitored period. The minimum daily rainfall was 
0.0mm; the maximum daily rainfall recorded was 23.2mm on 30/11/06. Due to a 
problem with the weather station rainfall data was not recorded between 22/07/07 and 
13/08/07 giving a monthly rainfall of only 1mm. During this period for calculation 
purposes a daily rainfall value of 0 mm rain was used for days where no data was 
recorded.  Table 7.2 tabulates the daily rainfall data by year and month.   
0
5
10
15
20
25
0
1
/0
1
/2
0
0
6
0
1
/0
2
/2
0
0
6
0
1
/0
3
/2
0
0
6
0
1
/0
4
/2
0
0
6
0
1
/0
5
/2
0
0
6
0
1
/0
6
/2
0
0
6
0
1
/0
7
/2
0
0
6
0
1
/0
8
/2
0
0
6
0
1
/0
9
/2
0
0
6
0
1
/1
0
/2
0
0
6
0
1
/1
1
/2
0
0
6
0
1
/1
2
/2
0
0
6
0
1
/0
1
/2
0
0
7
0
1
/0
2
/2
0
0
7
0
1
/0
3
/2
0
0
7
0
1
/0
4
/2
0
0
7
0
1
/0
5
/2
0
0
7
0
1
/0
6
/2
0
0
7
0
1
/0
7
/2
0
0
7
0
1
/0
8
/2
0
0
7
0
1
/0
9
/2
0
0
7
0
1
/1
0
/2
0
0
7
0
1
/1
1
/2
0
0
7
0
1
/1
2
/2
0
0
7
0
1
/0
1
/2
0
0
8
0
1
/0
2
/2
0
0
8
0
1
/0
3
/2
0
0
8
0
1
/0
4
/2
0
0
8
0
1
/0
5
/2
0
0
8
D
ai
ly
 R
ai
n
fa
ll 
m
m
 
Daily Rainfall (mm) at Ballinabrannagh, Co. Carlow  
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2006 2007 2008 
Month  
Monthly 
Total 
Rainfall 
mm 
Max 
daily 
rainfall 
mm 
Rain-
days 
≥ 
1mm 
Month  
Monthly 
Total 
Rainfall 
mm 
Max 
daily 
rainfall 
mm 
Rain-
days 
≥ 
1mm 
Month  
Monthly 
Total 
Rainfall 
mm 
Max 
daily 
rainfall 
mm 
Rain-
days 
≥ 
1mm 
Jan 39.2 13.0 7.0 Jan 11.6 4.8 4.0 Jan 120.4 13.8 20.0 
Feb 43.8 11.6 9.0 Feb 70.8 8.8 17.0 Feb 38.0 9.8 8.0 
Mar 90.6 14.2 15.0 Mar 58.2 13.2 11.0 Mar 52.6 15.4 12.0 
Apr 30.6 5.0 12.0 Apr 10.0 3.2 3.0 Apr 36.4 6.6 11.0 
May 98.4 18.4 15.0 May 37.4 12.2 11.0 May 15.8 7.6 2.0 
Jun 28.0 7.6 7.0 Jun 40.6 14.6 8.0 
Jul 12.4 7.0 2.0 Jul 1.0 0.2 0.0 
Aug 41.2 11.2 7.0 Aug 91.4 17.0 13.0 
Sep 91.8 15.2 15.0 Sep 38.4 19.2 6.0 
Oct 80.6 20.2 14.0 Oct 21.8 7.6 5.0 
Nov 115.0 23.2 14.0 Nov 45.0 16.8 8.0 
Dec 114.8 14.0 16.0 Dec 84.0 13.4 13.0 
 
Table 7.2 Monthly rainfall totals, maximum daily rainfall and number of rain-days with 1 mm 
rainfall over the study period 
 
 
Figure 7.3  Monthly rainfall recorded at Ballinabrannagh Carlow over monitoring period 
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From Figure 7.3, the 2006 recorded  rainfall data show that November and December 
2006 had the greatest monthly rainfall at 115 and 114.8 mm respectively while June 
(28mm) and July (12.4) had the smallest rainfall monthly totals. Rain-days where 
rainfall was greater or equal to 1mm ranged from 2 days in July to 16 days in December 
with the average being 11 rain days per month. In 2007 August and December had the 
greatest monthly totals with 91.4mm and 84mm rainfall depths respectively. July and 
April had the lowest monthly totals of 1mm and 10mm rain. Rain-days where rainfall 
was greater or equal to 1mm ranged from 0 days in July to 17 days in February with the 
average being 8 rain-days per month.  The first five months of 2008 were monitored.  
Of these, January had the greatest monthly total with 120mm of rain.   May had the 
lowest monthly total with 15.8mm rain. Rain-days where rainfall was greater or equal to 
1mm ranged from 2 days in May to 20 days in January with the average being 11 rain-
days per month.  
Table 7.3 summarises the monthly rainfall recorded at Ballinabrannagh over the 29 
months of the study period.  
 Rainfall mm recorded at Ballinabrannagh, Co. Carlow   
Year  Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
2006 39.2 43.8 90.6 30.6 98.4 28.0 12.4 41.2 91.8 80.6 115.0 114.8 786.4 
2007 11.6 70.8 58.2 10.0 37.4 40.6 1.0 91.4 38.4 21.8 45.0 84.0 510.2 
2008 120.4 38.0 52.6 36.4 15.8               263.2 
Mean 57.1 50.9 67.1 25.7 50.5 34.3 6.7 66.3 65.1 51.2 80.0 99.4 519.9 
 
Table 7.3  Monthly rainfall recorded over the monitoring period at Ballinabrannagh, Carlow 
 
 
The harvestable rainfall is calculated using the following equation:  
 
 
 
 
Harvestable Rainfall (m
3
/yr) = Rainfall depth (m/yr) x Catchment Effective Area (m
2
) 
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Table 7.4 and Figure 7.4 show the monthly harvestable rainfall available at Carlow over 
the monitoring period.  
 
  Harvestable Rainfall m
3
   
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total  
2005                     0.2 2.5 2.7 
2006 2 2.1 4.6 1.5 5 1.4 0.6 3.4 3.6 4.1 5.8 5.7 39.8 
2007 0.6 3.6 2.9 0.5 1.9 2.1 0.1 4.6 1.9 1.4 2.3 2.6 24.5 
2008 6.1 1.9 2.7 1.8 0.8               13.3 
 
Table 7.4 Harvestable Rainfall available to RWH system installed at Ballinabrannagh, Carlow. 
 
 
 
Figure 7.4  Average Monthly Harvestable Rainfall at Ballinabrannagh, Co. Carlow 
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 Water Monitoring Analysis  7.2.1
 
 Water Audit 7.2.1.1
A water audit of the RWH house determined the number and type of plumbing fixtures 
and fittings. The following water using devices were identified: 
Toilets: There were two dual flush with 6/4 litre cistern toilets in the house. 
Taps: There were four wash hand basins in the house with total of eight screw type 
taps.  
Showers and Baths: The master bedroom en-suite had an electric shower; the 
bathroom had a bath with bath/shower mixer facility. 
Water Devices: Washing machine and dishwasher were installed. 
 
Fixture / Fitting Type Number 
Toilets Dual flush 6/4 litres 2 
Taps Screw type 8 
Showers / Bath 
Electric Shower 1 
Bath with Shower mixer 
type 
1 
Water Devices 
Washing machine 1 
Dishwasher 1 
 
Table 7.5 Summary of plumbing fixtures and fittings in the RWH house 
 
 
 Water Use in Ballinabrannagh, Co. Carlow 7.2.2
 General Findings – Water Use  7.2.2.1
Table 7.5 and Figure 7.6 show the water use in the four houses over the study period. 
The kitchen use was calculated by subtracting the use at toilets, hot and cold water from 
the mains use.  
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 Water use and demand  in Carlow  
  
Mains 
m
3
 
Number of 
inhabitants 
PCC 
mains 
Toilets 
Cold 
Water  
Hot 
Water  
Kitchen  
 l hd
-1
d
-1
  m
3
  m
3
  m
3
  m
3
 
Meter    M2 M3 M4 
M1-
(M2+M3+M4) 
House  
1 
(RWH) 
87 2 77 20 11 30 46 
House 
2  
 430 5 125  112 62 70 186  
House 
3 
173 3 84 39 22 29 83 
House 
4 
503 5 157 236 49 74 144 
 
Table 7.6 Water use and demand at Ballinabrannagh, Carlow over March 2006 – May 2008 
 
 
 
Figure 7.5  Water use at Ballinabrannagh Co. Carlow March 2006 – May 2008 
 
The RWH house had occupancy of one adult and one child. The per capita consumption 
(PCC) over the 26 months was 77lhd
-1
d
-1
. The mains water use was 87m
3
, comprising 
11m
3
 of cold water, 30m
3
 of hot water, kitchen use of 46m
3
. Toilet use was 20m
3
 
supplied by the RWH. House 2 had occupancy of five, two adults and three children. 
The PCC was 125lhd
-1
d
-1
 resulting in mains water use of 430m
3
 over 22 months. This 
comprised of 62m
3
 of cold water, 70m
3
 of hot water, kitchen use of 186m
3
 and toilet use 
of 112m
3
. House 3 had occupancy of two adults and one child. The PCC was 84lhd
-1
d
-1
 
0
100
200
300
400
500
600
House  1 (RWH) House 2 House 3 House 4
m
3
 
Kitchen Hot Water Cold Water Toilets
   
87 
 
resulting in mains water use of 173m
3
 over 22months.  This comprised of 22m
3
 of cold 
water, 29m
3
 of hot water, kitchen use of 83m
3
 and toilet use of 43m
3
. House 4 had 
occupancy of five, two adults and three children. The PCC was 157 hd
-1
d
-1
 resulting in 
mains water use of 503m
3
 over 22 months.  This comprised of 49m
3
 of cold water, 74m
3
 
of hot water, kitchen use of 144m
3
 and toilet use of 82.5m
3
. The 236m
3
 used for toilets 
in this house includes a period where a faulty valve in one toilet caused the cistern to 
run continuously.  
 
  
  
 
Figure 7.6  Water use within the study households 
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Figure 7.6 compares the four households as to how water was used within the 
households over the monitored months. Toilet use ranged between 19% - 26% of water 
use for the RWH house, House 2 and House 3. House 4 had toilet water use of 47%, a 
faulty valve in one toilet contributed to greater water use measured for toilet use.   
Water for kitchen use in the four households ranged between 28% - 48%. Cold water 
use ranged between 10% and 15% and hot water use between 16- 28% of water use. 
 
 RWH House Toilet Demand and RWH performance 7.2.3
 
The collection tank installed in the garden was a 9m³ tank, to allow for freeboard the 
storage a capacity was taken as 8.5m³. 
The following graphs show the daily demand by month for toilet use, RWH tank yield, 
inflow of harvested rainfall, and any mains top-up required in 2007.  Graphs for 2006 
and 2008 are in Appendix.  Daily demand for toilet use was matched by RWH yield. 
The daily tank balance was sufficient to meet daily demand even where the daily inflow 
to the tank was less than the daily demand.   
The RWH system was installed and commissioned by January 2006; the tank was 
storing captured rainwater while the purchase of the house was ongoing. The new 
owners did not move in until March 2006. The rainfall between January 1
st
 and 12
th
 
March was 104.2mm giving an initial stored volume in the RWH tank of 5.27m
3
.   
This was taken into account when modelling the demand measured in Houses 2 and 3, 
like the RWH house, the owners took possession in March 2006. House 4 was not 
occupied until May 2006, allowing the storage tank to fill to the maximum 8.5m
3
. 
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Figure 7.7 Daily demand, inflow to RWH tank, RWH tank yield, tank balance and mains top-up by month for 2007 
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Tank balance decreased during periods where inflow to the tank either was zero (dry 
days) or when demand exceeded the harvested rainfall on a given day. Throughout 2007 
and indeed throughout the whole monitored period there was sufficient stored rainwater 
to meet demand. Table 7.7 gives a monthly summary over the total monitoring period of 
how the RWH installed performed meeting the demand placed upon it by the occupants 
in the RWH house.  
Modelling the demand against different tank sizes allows for the efficiency ratio to be 
plotted. This is the percentage of demand that can be met by the tank yield.  
 
 
Figure 7.8  Efficiency ratio for various tank sizes versus demand for toilet use at RWH house 
 
 
From Figure 7.8 a 1.5m³ tank could provide harvested rainwater to meet 100% demand 
measured at the RWH house. The installed 9m³ tank is 6 times larger than is required.  
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Table 7.7  Monthly summary of toilet demand, RWH system performance over monitored period. 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 8.5
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow 
OD
 Volume from 
previous time step  
V(t-1)
 Demand 
fraction        
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar 4.50 0.88 0.88 0.00 0.41 5.27 20% 189% 908% 100% 9%
Apr 1.55 0.42 0.42 0.00 1.10 8.47 27% 549% 1269% 100% 71%
May 4.98 0.97 0.97 0.00 4.15 8.50 19% 171% 822% 100% 83%
June 1.42 0.53 0.53 0.00 0.78 8.39 37% 600% 470% 100% 55%
July 0.63 1.12 1.12 0.00 0.28 8.48 178% 1354% 52% 100% 44%
Aug 2.09 0.99 0.99 0.00 0.33 7.74 48% 408% 250% 100% 16%
Sep 4.65 0.56 0.56 0.00 4.11 8.48 12% 183% 1415% 100% 88%
Oct 4.08 0.89 0.89 0.00 3.33 8.50 22% 208% 788% 100% 82%
Nov 5.82 0.83 0.83 0.00 4.81 8.31 14% 146% 843% 100% 83%
Dec 5.81 0.80 0.80 0.00 4.99 8.48 14% 146% 1128% 100% 86%
2006 300 35.52 7.99 7.99 0.00 24.30 23% 24% 68% 100% 68%
2007 Jan 0.59 0.71 0.71 0.00 0.13 8.50 120% 1447% 178% 100% 22%
Feb 3.58 0.60 0.60 0.00 2.77 8.27 17% 237% 2189% 100% 77%
Mar 2.95 1.07 1.07 0.00 1.94 8.47 36% 288% 437% 100% 66%
Apr 0.51 0.70 0.70 0.00 0.00 8.43 138% 1679% 135% 100% 0%
May 1.89 0.67 0.67 0.00 1.00 8.24 36% 449% 694% 100% 53%
June 2.06 1.11 1.11 0.00 1.39 8.42 54% 414% 279% 100% 68%
July 0.05 0.95 0.95 0.00 0.00 8.00 1886% 16790% 100% 0%
Aug 4.63 0.81 0.81 0.00 2.72 7.11 18% 184% 758% 100% 59%
Sep 1.94 1.02 1.02 0.00 0.60 8.20 53% 437% 208% 100% 31%
Oct 1.10 0.87 0.87 0.00 0.49 8.50 79% 770% 188% 100% 45%
Nov 2.28 0.68 0.68 0.00 1.35 8.25 30% 373% 438% 100% 59%
Dec 4.25 0.83 0.83 0.00 3.49 8.47 19% 200% 742% 100% 82%
2007 365 25.83 10.02 10.02 0.00 15.88 39% 33% 32% 100% 61%
2008 Jan 6.10 0.67 0.67 0.00 5.39 8.45 11% 139% 2296% 100% 88%
Feb 1.92 0.50 0.50 0.00 1.38 8.47 26% 442% 642% 100% 72%
Mar 3.32 0.67 0.67 0.00 2.73 8.48 20% 256% 804% 100% 82%
Apr 1.84 0.50 0.50 0.00 1.33 8.49 27% 461% 976% 100% 72%
Subtotal 121 13.18 2.35 2.35 0.00 10.83 18% 64% 282% 100% 82%
Total 786 74.53 20.36 20.36 0.00 51.01 27% 11% 22% 100% 68%
Dimensionless RatiosMonitoring Analysis
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 House Toilet plus Hot Water Demand and RWH performance 7.2.4
 
 
The RWH system had the potential to supply 74.5m
3
 over period monitored. Thus 54m
3
 
of excess rainwater was potentially available for household use. One possibility would 
be to use the rainwater harvested to supply the toiles plus supply hot water demand in 
the RWH house. A research study on the Microbiological quality of the RWH harvested 
rainwater in Carlow showed that the harvested rainwater met the European 
Communities Quality of Bathing Water Regulations (S.I. 79 of 2008) (O’Hogain, 
McCarton, et al,(b), 2011). If the RWH was to supply hot water supply demand, a water 
treatment system such as UV and /or chemical disinfection would be required.  
Table 7.8 gives a monthly summary over the total monitoring period of how the RWH 
installed performed. In meeting the demand for toilet and hot water use placed upon it 
by the occupants in the RWH house. Figure 7.7 shows the daily demand for toilets and 
hot water use in the RWH house along with the inflow to the RWH tank, mains top-up 
and tank balance. From Table 7.8 and Figure 7.9 the installed RWH system would have 
met 100% of the demand for toilet and hot water use in the RWH house.  
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Figure 7.9 Daily demand for toilets & hot water, inflow to RWH tank, RWH tank yield, tank balance and mains top-up by month for 2007 
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Table 7.8   Monthly summary of demand for toilets and hot water, performance of installed RWH over monitored period
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 8.5
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow     
OD
 Volume from 
previous time 
step  V(t-1)
 Demand 
fraction        
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar 4.50 2.63 2.63 0.00 0.00 5.27 59% 189% 303% 100% 0%
Apr 1.55 3.02 3.02 0.00 0.00 6.96 195% 549% 178% 100% 0%
May 4.98 3.07 3.07 0.00 0.00 5.48 62% 171% 260% 100% 0%
June 1.42 1.48 1.48 0.00 0.00 7.65 104% 600% 168% 100% 0%
July 0.63 2.96 2.96 0.00 0.00 7.21 472% 1354% 20% 100% 0%
Aug 2.09 2.99 2.99 0.00 0.00 5.26 144% 408% 83% 100% 0%
Sep 4.65 1.77 1.77 0.00 0.00 4.22 38% 183% 450% 100% 0%
Oct 4.08 2.05 2.05 0.00 1.04 6.68 50% 208% 341% 100% 25%
Nov 5.82 0.83 0.83 0.00 4.81 8.17 14% 146% 843% 100% 83%
Dec 5.82 1.78 1.78 0.00 3.71 8.43 30% 146% 511% 100% 64%
2006 300 35.53 22.59 22.59 0 9.56 64% 24% 278% 100% 27%
2007 Jan 0.59 2.11 2.11 0.00 0.00 8.43 360% 1447% 690% 100% 0%
Feb 3.58 2.17 2.17 0.00 0.00 6.89 60% 237% 7024% 100% 0%
Mar 2.95 2.35 2.35 0.00 1.37 8.17 80% 288% 2308% 100% 47%
Apr 0.51 1.78 1.78 0.00 0.00 7.55 351% 1679% 615% 100% 0%
May 1.89 1.47 1.47 0.00 0.00 6.29 78% 449% 3672% 100% 0%
June 2.06 2.02 2.02 0.00 0.00 6.66 98% 414% 1769% 100% 0%
July 0.05 2.15 2.15 0.00 0.00 6.71 4239% 16790% 100% 0%
Aug 4.63 1.99 1.99 0.00 0.00 4.72 43% 184% 3569% 100% 0%
Sep 1.94 2.19 2.19 0.00 0.00 7.26 113% 437% 1125% 100% 0%
Oct 1.10 2.39 2.39 0.00 0.00 4.72 217% 770% 791% 100% 0%
Nov 2.28 1.78 1.78 0.00 0.00 5.75 78% 373% 1922% 100% 0%
Dec 4.25 1.96 1.96 0.00 0.16 6.07 46% 200% 3620% 100% 4%
2007 365 25.83 24.36 24.36 0 1.53 94% 33% 150% 100% 6%
2008 Jan 6.10 1.86 1.86 0.00 4.15 8.38 30% 139% 9645% 100% 68%
Feb 1.92 1.94 1.94 0.00 0.91 8.34 101% 442% 1928% 100% 47%
Mar 3.32 2.57 2.57 0.00 0.03 7.28 77% 256% 2422% 100% 1%
Apr 1.84 1.26 1.26 0.00 0.51 8.33 68% 461% 4525% 100% 28%
Subtotal 121 13.18 7.62 7.62 0 5.60 58% 64% 1006% 100% 42%
Total 786 74.54 54.57 54.57 0 16.69 73% 11% 94% 100% 22%
Dimensionless RatiosMonitoring Analysis
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Figure 7.10  Efficiency ratio for various tank sizes versus demand for toilet and hot water use at 
RWH house 
 
Figure 7.11 shows that a to meet 100% of the demand for toilets and hot water demand 
in the RWH house a 4.5m³ tank would be required.  A 1.5m³ tank would meet 84% of 
demand.  
 House 2 toilet demand and RWH performance 7.2.5
 
The demand for toilet use measured at House 2 is modelled against the RWH installed 
in the RWH house. The daily performance by year for House 2 is given in Appendix. 
Figure 7.12 shows the efficiency ratio for various tank sizes and the demand measured 
at House 2.  The installed 9m
3
 tank has an efficiency ratio of 54%, while a 1.5m
3
 tank 
has an efficiency ratio of 45%. Table 7.9 provides a monthly summary of toilet demand 
and RWH performance. 
 
Figure 7.11  Efficiency ratio for various tank sizes versus demand for toilet and hot water use at 
House 2. 
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Table 7.9 House 2 Monthly summary of demand for toilets, and performance of installed RWH over monitored period 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 8.5
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow     
OD
 Volume from 
previous time 
step  V(t-1)
 Demand  
fraction                          
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar 4.50 4.25 4.25 0.00 0.00 5.27 95% 189% 2170% 100% 0%
Apr 1.55 4.47 4.47 0.00 0.00 5.42 288% 549% 1391% 100% 0%
May 4.98 4.51 4.51 0.00 0.00 2.59 91% 171% 2045% 100% 0%
June 1.42 3.98 3.98 0.00 0.00 3.20 281% 600% 721% 100% 0%
July 0.63 4.11 0.86 3.26 0.00 0.29 655% 1354% 165% 21% 0%
Aug 2.09 5.18 1.42 3.77 0.00 0.00 249% 408% 554% 27% 0%
Sep 4.65 5.06 2.83 2.22 0.00 0.00 109% 183% 1825% 56% 0%
Oct 4.08 5.55 4.12 1.43 0.00 0.40 136% 208% 1460% 74% 0%
Nov 5.82 5.19 2.88 2.31 0.00 0.06 89% 146% 1561% 56% 0%
Dec 5.81 4.80 4.80 0.00 0.00 1.33 83% 146% 2188% 100% 0%
2006 300 35.52 47.10 34.11 12.99 0.00 133% 24% 134% 72% 0%
2007 Jan 0.59 4.92 4.10 0.82 0.00 3.72 837% 1447% 296% 83% 0%
Feb 3.58 4.47 2.49 1.98 0.00 0.00 125% 237% 3404% 56% 0%
Mar 2.95 5.10 2.41 2.69 0.00 0.23 173% 288% 1061% 47% 0%
Apr 0.51 5.08 0.03 5.05 0.00 0.00 1003% 1679% 215% 1% 0%
May 1.89 5.22 0.51 4.72 0.00 0.00 276% 449% 1036% 10% 0%
June 2.06 3.01 1.70 1.31 0.00 0.00 146% 414% 1189% 57% 0%
July 0.05 4.82 0.00 4.82 0.00 0.00 9521% 16790% 0% 0%
Aug 4.63 4.90 4.28 0.62 0.00 0.00 106% 184% 1451% 87% 0%
Sep 1.94 4.53 1.29 3.24 0.00 0.00 233% 437% 543% 28% 0%
Oct 1.10 5.18 0.34 4.84 0.00 0.18 470% 770% 365% 7% 0%
Nov 2.28 5.13 1.45 3.68 0.00 0.00 225% 373% 667% 28% 0%
Dec 4.25 5.75 2.76 2.99 0.00 0.00 135% 200% 1236% 48% 0%
2007 365 25.83 58.11 21.36 36.75 0.00 225% 33% 63% 37% 0%
2008 Jan 6.10 4.98 4.04 0.95 0.00 1.36 82% 139% 3590% 81% 0%
Feb 1.92 4.78 2.80 1.98 0.00 0.00 249% 442% 784% 59% 0%
Mar 3.32 4.62 1.85 0.00 0.00 0.06 139% 256% 1345% 40% 0%
Apr 1.84 1.38 1.26 0.12 0.00 0.68 75% 461% 4137% 92% 0%
Subtotal 121 13.18 15.76 9.96 3.04 0.00 120% 64% 487% 63% 0%
Total 786 74.53 120.97 65.43 52.78 0.00 162% 11% 42% 54% 0%
Monitoring Analysis Dimensionless Ratios
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 House 3 Toilet demand and RWH performance 7.2.6
 
The demand for toilet use measured at House 3 is modelled against the RWH installed 
in the RWH. The installed 9m
3
 tank has an efficiency ratio of 100%, a 6m³ tank would 
give the same efficiency.  A 1.5m
3
 tank has an efficiency ratio of 85% house. The daily 
performance by year for House 3 is given in Appendix. Table 7.10 provides a monthly 
summary of toilet demand and RWH performance. 
 
Figure 7.12  Efficiency ratio for various tank sizes versus demand for toilet and hot water use at 
House 3 
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Table 7.10  House 3 Monthly summary of demand for toilets, and performance of installed RWH over monitored period 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 8.5
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow            
OD
 Volume from 
previous time 
step  V(t-1)
 Demand 
fraction        
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar 4.50 0.05 0.05 0.00 1.21 5.27 1% 189% 174057% 100% 27%
Apr 1.55 0.01 0.01 0.00 1.54 8.50 0% 549% 1035789% 100% 100%
May 4.98 2.31 2.31 0.00 3.56 8.49 46% 171% 3999% 100% 71%
June 1.42 2.78 2.78 0.00 0.00 7.71 196% 600% 1033% 100% 0%
July 0.63 2.87 2.87 0.00 0.00 6.00 457% 1354% 236% 100% 0%
Aug 2.09 2.33 2.33 0.00 0.00 4.10 112% 408% 1230% 100% 0%
Sep 4.65 1.77 1.77 0.00 0.00 3.67 38% 183% 5209% 100% 0%
Oct 4.08 1.91 1.91 0.00 0.59 6.11 47% 208% 4234% 100% 15%
Nov 5.82 2.35 2.35 0.00 3.23 8.25 40% 146% 3450% 100% 55%
Dec 5.81 1.45 1.45 0.00 4.44 8.46 25% 146% 7244% 100% 76%
2006 300 35.52 17.83 17.83 0 14.58 50% 24% 353% 100% 41%
2007 Jan 0.59 1.46 1.46 0.00 0.00 8.45 248% 1447% 999% 100% 0%
Feb 3.58 1.93 1.93 0.00 0.73 7.53 54% 237% 7892% 100% 20%
Mar 2.95 2.10 2.10 0.00 1.67 8.47 71% 288% 2572% 100% 57%
Apr 0.51 1.91 1.91 0.00 0.00 7.72 377% 1679% 573% 100% 0%
May 1.89 1.42 1.42 0.00 0.00 6.28 75% 449% 3809% 100% 0%
June 2.06 0.97 0.97 0.00 0.00 6.66 47% 414% 3677% 100% 0%
July 0.05 1.26 1.26 0.00 0.00 7.80 2497% 16790% 100% 0%
Aug 4.63 1.37 1.37 0.00 1.77 6.57 30% 184% 5203% 100% 38%
Sep 1.94 1.52 1.52 0.00 0.08 8.07 78% 437% 1619% 100% 4%
Oct 1.10 1.63 1.63 0.00 0.01 8.44 147% 770% 1163% 100% 1%
Nov 2.28 1.43 1.43 0.00 0.24 7.90 63% 373% 2387% 100% 11%
Dec 4.25 1.73 1.73 0.00 2.58 8.42 41% 200% 4113% 100% 61%
2007 365 25.83 18.73 18.73 0 7.09 73% 33% 196% 100% 27%
2008 Jan 6.10 1.47 1.47 0.00 4.57 8.42 24% 139% 12162% 100% 75%
Feb 1.92 1.64 1.64 0.00 0.83 8.36 85% 442% 2291% 100% 43%
Mar 3.32 1.44 1.44 0.00 1.58 7.69 43% 256% 4322% 100% 48%
Apr 1.84 1.88 1.88 0.00 0.00 8.23 102% 461% 3033% 100% 0%
Subtotal 121 13.18 6.42 6.42 0 6.98 49% 64% 1194% 100% 53%
Total 786 74.53 42.99 42.99 0 28.64 58% 11% 119% 100% 38%
Monitoring Analysis Dimensionless Ratios
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 House 4 toilet demand and RWH performance 7.2.7
 
Daily performance by month for House 4 is given in Appendix. Figure 7.13 shows the 
efficiency ratio for various tank sizes against the toilet demand measured at House 4. A 
9m³ tank would meet 15% of the demand measured at House 4. If a 1.5m
3
 tank was 
installed it would have an efficiency ratio of 11.6% Table 7.11 provides a monthly 
summary of toilet demand and RWH performance. 
 
 
Figure 7.13  Efficiency ratio for various tank sizes versus demand for toilet and hot water use at 
House 4 
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Table 7.11    House 4 Monthly summary of demand for toilets, and performance of installed RWH over monitored period 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 8.5
Year Month
Effective 
catchment area 
supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank Overflow     
OD
 Volume from 
previous time 
step  V(t-1)
 Demand  
fraction                          
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank efficiency     Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar
Apr
May 4.01 3.90 3.90 0.00 4.10 7.42 97% 212% 2363% 100% 102%
June 1.42 14.53 6.97 7.55 0.00 0.00 1025% 600% 198% 48% 0%
July 0.63 15.01 0.00 15.01 0.00 0.00 2391% 1354% 45% 0% 0%
Aug 2.09 15.01 0.11 14.90 0.00 0.00 720% 408% 191% 1% 0%
Sep 4.65 17.22 0.29 16.94 0.00 0.00 371% 183% 536% 2% 0%
Oct 4.08 20.82 0.49 20.32 0.00 0.00 510% 208% 389% 2% 0%
Nov 5.82 19.75 0.60 19.15 0.00 0.00 339% 146% 410% 3% 0%
Dec 5.81 20.07 1.21 18.86 0.00 0.68 345% 146% 523% 6% 0%
2006 238 28.50 126.31 13.58 112.74 4.10 443% 30% 75% 11% 14%
2007 Jan 0.59 23.81 0.00 23.81 0.00 0.00 4054% 1447% 61% 0% 0%
Feb 3.58 16.84 0.14 16.70 0.00 0.00 470% 237% 903% 1% 0%
Mar 2.95 6.16 2.01 4.15 0.00 0.00 209% 288% 879% 33% 0%
Apr 0.51 5.68 0.01 5.67 0.00 0.00 1122% 1679% 192% 0% 0%
May 1.89 7.69 0.62 7.06 0.00 0.00 406% 449% 704% 8% 0%
June 2.06 9.13 0.84 8.29 0.00 0.00 444% 414% 392% 9% 0%
July 0.05 4.18 0.00 4.18 0.00 0.00 8251% 16790% 0% 0%
Aug 4.63 5.53 4.31 1.22 0.00 0.00 120% 184% 1285% 78% 0%
Sep 1.94 6.15 1.09 5.06 0.00 0.04 317% 437% 400% 18% 0%
Oct 1.10 6.06 0.33 5.73 0.00 0.00 549% 770% 312% 5% 0%
Nov 2.28 5.21 1.49 3.72 0.00 0.00 229% 373% 657% 29% 0%
Dec 4.25 5.48 2.82 2.66 0.00 0.28 129% 200% 1296% 51% 0%
2007 365 25.83 101.92 13.67 88.25 0.00 395% 33% 36% 13% 0%
2008 Jan 6.10 5.30 4.07 1.23 0.00 1.28 87% 139% 3374% 77% 0%
Feb 1.92 4.09 2.82 1.27 0.00 0.00 213% 442% 917% 69% 0%
Mar 3.32 5.00 2.20 2.80 0.00 0.00 151% 256% 1242% 44% 0%
Apr 1.84 5.89 0.69 5.20 0.00 0.00 320% 461% 967% 12% 0%
Subtotal 121 13.18 20.29 9.78 10.50 0.00 154% 64% 378% 48% 0%
Total 724 67.51 248.52 37.02 211.49 4.10 368% 13% 23% 15% 6%
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 Using BS 8515:2009 to size storage tank for Carlow site 7.2.8
 
The British Standard describes an intermediate approach to be considered for non-
potable domestic use. This method recommends estimating the storage required to 
supply 5% of the annual rainwater yield or 5% of the annual non-potable water 
demand. The lesser value from these two equations is taken as the optimum tank size.  
 
(i) 5% of the annual rainwater yield 
YR = (A)(e)(η)(h) x 0.05 /1000 
Where: 
YR is the annual rainwater yield     
A is the collection area (m
2
)     
e          is the catchment yield coefficient (%)  
h          is the depth of the rainfall (mm)   
η          is the hydraulic filter efficiency   
 
 YR : 75 x 0.9 x 0.75 x 648  x 0.05 /1000 = 1.6 m
3
 
 
 
 A storage volume 1.6m3 provides 18.25days rainwater storage.  
 
(ii) 5% of the annual non-potable water demand 
DN = PD x n x 365 x 0.05/ 1000 
Where:  
DN is the annual non-potable water demand  
PD is the daily requirement per person (the annual demand for non-potable water 
was 9.3m
3
, this equated to an annual demand of 4.6m
3
 per person in the RWH house) 
n          is the number of persons  
 
 DN: 4.6 x 2 x 0.05 = 0.46m
3
 
 
 A storage volume 0.46m3 provides 18 days rainwater storage.  
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Using this analysis the optimum tank size to use for rainfall storage would be 0.46m
3
. In 
practice, the actual tank size installed would be greater than this to provide for sufficient 
freeboard for fittings, valves, overflow bends and filters. If a 0.5m³ was installed it 
would meet 88% of the toilet demand measured in the RWH house. Figure 7.14 shows 
the daily demand, rainwater supply, mains top and RWH yield if a0.5m³ tank had been 
installed. 
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Figure 7.14  BS 8515:2009 tank size 0.5m³ vs demand at RWH house. 
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Figure 7.15  5% Demand   BS8515:2009 – Tank size 0.5m³ 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 0.5
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow 
OD
 Volume from 
previous time step  
V(t-1)
 Demand 
fraction        
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006 Jan
Feb
Mar 4.50 0.88 0.88 0.00 3.64 0.50 20% 11% 53% 100% 81%
Apr 1.55 0.42 0.42 0.00 1.10 0.47 27% 32% 75% 100% 71%
May 4.98 0.97 0.97 0.00 4.15 0.50 19% 10% 48% 100% 83%
June 1.42 0.53 0.53 0.00 0.78 0.39 37% 35% 28% 100% 55%
July 0.63 1.12 0.83 0.29 0.28 0.48 178% 80% 3% 74% 44%
Aug 2.09 0.99 0.39 0.60 1.18 0.00 48% 24% 15% 39% 57%
Sep 4.65 0.56 0.56 0.00 4.11 0.48 12% 11% 83% 100% 88%
Oct 4.08 0.89 0.89 0.00 3.33 0.50 22% 12% 46% 100% 82%
Nov 5.82 0.83 0.83 0.00 4.81 0.31 14% 9% 50% 100% 83%
Dec 5.81 0.80 0.80 0.00 4.99 0.48 14% 9% 66% 100% 86%
2006 300 35.52 7.99 7.10 0.89 28.38 23% 1% 10% 89% 80%
2007 Jan 0.59 0.71 0.71 0.00 0.13 0.50 120% 85% 10% 100% 22%
Feb 3.58 0.60 0.60 0.00 2.77 0.27 17% 14% 129% 100% 77%
Mar 2.95 1.07 1.07 0.00 1.94 0.47 36% 17% 26% 100% 66%
Apr 0.51 0.70 0.60 0.10 0.00 0.43 138% 99% 8% 85% 0%
May 1.89 0.67 0.67 0.00 1.09 0.33 36% 26% 41% 100% 57%
June 2.06 1.11 1.08 0.02 1.39 0.42 54% 24% 16% 98% 68%
July 0.05 0.95 0.00 0.95 0.00 0.00 1886% 988% 0% 0%
Aug 4.63 0.81 0.79 0.02 3.64 0.00 18% 11% 45% 97% 79%
Sep 1.94 1.02 0.65 0.37 0.95 0.20 53% 26% 12% 64% 49%
Oct 1.10 0.87 0.87 0.00 0.49 0.50 79% 45% 11% 100% 45%
Nov 2.28 0.68 0.68 0.00 1.35 0.25 30% 22% 26% 100% 59%
Dec 4.25 0.83 0.83 0.00 3.49 0.47 19% 12% 44% 100% 82%
2007 365 25.83 10.02 8.54125 1.48 17.24 39% 2% 32 85% 67%
2008 Jan 6.10 0.67 0.67 0.00 5.39 0.45 11% 8% 135% 100% 88%
Feb 1.92 0.50 0.50 0.00 1.38 0.47 26% 26% 38% 100% 72%
Mar 3.32 0.67 0.67 0.00 2.73 0.48 20% 15% 47% 100% 82%
Apr 1.84 0.50 0.50 0.00 1.33 0.49 27% 27% 57% 100% 72%
Subtotal 121 13.18 2.35 2.35 0.00 10.83 18% 4% 17% 100% 82%
Total 786 74.53 20.36 17.99 2.37 56.45 27% 1% 69% 88% 76%
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7.3 Pilot Agricultural RWH Site: Rainfall at Clonalvy Co. Meath 
 
 
  Rainfall in mm    
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total  
2005                     23.8 72.8 96.6 
2006 17 30.4 86.6 32 72.2 27.8 0 65.5 89.5 100.7 47 72.4 666.7 
2007 62 34.2 26.8 9.8 45.2 60.2 67 46.8 19.4 25 38.2 48.8 483.4 
2008 72.8 18.2 28.2 17.6 10.4               147.2 
 
Table 7.12 Rainfall recorded on farm at Clonalvy, Co. Meath 
 
Table 7.12 records the rainfall measured by the Davis Instruments Weather Station 
installed at Clonalvy, approximately 100m from the catchment area used by the 
installed RWH system. 
 
Figure 7.16   Monthly rainfall at Clonalvy over monitoring period 
 
December and May, 2006 had almost identical monthly totals with 72.4mm and 
72.2mm of rain depths respectively. August and June had the lowest monthly totals of 
0.51mm and 7.2 mm rain. Rain-days where rainfall was greater or equal to 1mm ranged 
from 0 days in August to 17 days in March with the average being 9 rain-days per 
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month. Due to difficulties with the weather station no data was available for July and 
the beginning of August 2006. 
In 2007, January and July were the wettest months with similar rainfall totals, 62mm 
and 67mm respectively. April and September were the driest months with rainfall totals 
of 9.8mm and 19.4mm respectively. Rain-days where rainfall was greater or equal to 
1mm ranged from 2 days in April to 24 days in July with the average being 11 rain-days 
per month.  There was no data available for October, 2007 due to problems with 
weather station batteries.  
Weather data for the first five months in 2008 were monitored. January was the wettest 
of these, with 72.8 mm rain. May was the driest with 10.4 mm rain. Rain-days with 
greater or equal to 1mm per day ranged from 17 in January to 4 in May. On average for 
the five months there were 8 rain-days per month. 
 
2006 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rainfall mm   72.4 
Harvestable 
Rainfall      
m
3
 
  93.3 
Demand m
3
   65.5 
2007 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rainfall mm 61.6 34.2 26.8 9.8 45.2 60.4 67 46.8 19.4 0.0 38.2 48.8 
Harvestable 
Rainfall      
m
3
 
79.4 44.1 34.6 12.6 58.3 77.9 86.4 60.3 25.0 0.0 49.2 62.9 
Demand m
3
 59.8 29.2 36.6 31.0 37.3 24.6 14.1 21.8 22.2 5.0 18.7 16.4 
2008 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rainfall mm 72.8 18.2 28.2 17.6 10.4   
Harvestable 
Rainfall      
m
3
 
93.9 23.5 36.4 22.7 13.4   
Demand m
3
 16.6 26.2 53.4 15.5 8.9   
 
Table 7.13  Harvestable rainfall available at the installed Clonalvy RWH system 
 
Table 7.13 shows the monthly rainfall, harvestable rainfall and the monthly demand for 
water supply to troughs supplied by the RWH system.  The harvestable rainfall 
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available exceeded monthly demand except for March and April 2007. Problems with 
the pump filter efficiency resulted in pump downtime for June to November 2007.  A 
new filter system was researched in this period and installed in November 2007.   
 Water Monitoring Analysis 7.3.1
 
Table 7.14 shows the overall water use on the farm over the 18 months (December 2006 
to May 2008). Difficulties in commissioning the RWH system and the monitoring 
system delayed data recording on site until December 2006. The mains water used on 
the farm was supplied by Meath County Council. Mains water on the farm was used for 
three purposes; 
 Domestic supply to  the three houses on site,  
  Agricultural drinking water supply to field troughs not connected to the 
RWH system installed, 
 Provision of back-up supply to the RWH system in the event of 
insufficient harvested rainfall to meet demand. 
 
Month 
Mains supply 
to farm           
m
3
  
Mains 
supply to 
houses                  
m
3
 
Rainwater to 
storage tank 
m
3
 
Water to 
troughs              
m
3
 
Meter   M1 M3 M4 M6 
2006 December 70   50.9 65 
2007 January 66   43.9 60 
  February 110   20.7 29 
  March 186   14.4 37 
  April 152   2.3 31 
  May 147   4.9 37 
  June 150   0.0 24 
  July 110   0.0 14 
  August 154   0.0 22 
  September 172   0.0 22 
  October 119   0.0 5 
  November 95   0.0 19 
  December 68   3.8 16 
2008 January 41   16.6 17 
  February 41   26.2 26 
  March 62 1372 53.4 53 
  April 71   15.5 15 
  May 129   8.9 9 
Total    1944 1372 261 502 
Table 7.14   Water use at Clonalvy, Co. Meath 
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Mains water supplied by Meath Co. Council totalled 1944m
3
 over the monitoring 
period.  This consisted of 70m
3
 in December 2006, 1530m
3
 over the 12 months of 2007 
and 344m
3 
from January to May 2008. 1372m
3 
mains water was supplied to the three 
houses on the farm, from December 2006 to May 2008. Approximately 332m
3
 of mains 
water was supplied to the cattle troughs not connected to the RWH facility.  The mains 
top-up supplied water during periods of low rainfall and /or pump downtime. The filter 
device installed initially proved inefficient and was removed by the farmer. This 
resulted in difficulties with the pump between May and December 2007 due to the 
floating filter inlet being damaged by particulate matter entering the collection tank. A 
consequence of this was greatly reduced volume of rainwater harvested during 2007. In 
the second regime where Lindab leafbeaters™ and BRAE filters™ were fitted problems 
with the pump were eliminated. 
Over the 18 months monitored, harvested rainwater pumped from the collection tank to 
the storage tank totalled 261m
3
. Water supplied from the storage tank to the troughs 
totalled 502m
3
. The total mains top up to the RWH system was calculated to be 240m
3
. 
 
Mains 
supply to 
farm       
m
3
 
Mains 
supply to 
mains fed 
troughs  
M3 
Mains 
supply to 
houses    
m
3
 
Rainwater to 
storage tank   
m
3
 
Water to 
troughs 
m
3
 
Mains top 
up  
m
3
 
 Meter 1 
Meter 2 - 3 
Meter 3 Meter 4 Meter 6 
Calculated 
 Meter5 
(malfunctioned) 
Total  1944 332 1372 261 502 240 
 
Table 7.15  Summary of water use at Clonalvy, Co. Meath over monitoring period 
 
 
The RWH system provided rainwater to meet 52% of the demand for water at the RWH 
fed troughs on the farm over the 18 month monitoring period. On December 1
st
 2006 the 
tank had approximately 15m
3
 of stored water from personal observation. Figure 7.17 
shows the daily performance of the RWH in supplying the RWH connected troughs by 
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month for 2007. The overall RWH performance is summarised in Table 7.16. In the 
period May – December 2007 mains top-up to the storage tank supplied the demand at 
the RWH troughs due to difficulties with the gutter filters and pump. Once the second 
regime with the commercial filters installed, the RWH system worked well. Mains top-
up was reduced to zero as the RWH system had sufficient rainwater stored to deal with 
demand. The maximum capacity of the storage tank was 42m
3
 with so much downtime 
due to the pump; the storage tank never achieved maximum capacity during the 
monitoring period. 
Daily demand and rainwater supply, mains top up and tank balance for 2006 and 2008 
is given in Appendix. 
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Figure 7.17    Daily RWH performance by month for 2007
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Table 7.16  Monthly summary of demand at RWH fed cattle troughs and performance of installed RWH over monitored period at Clonalvy, Meath 
m
3
m
3
m
3
m
3
m
3
m
3 % % % % %
Tank (m
3
) 42
Year Month
Effective 
catchment 
area supply    
Qt=AR
Demand 
D
RWH 
yield         
Y
Mains 
top up         
M
Tank 
Overflow 
OD
 Volume from 
previous time step  
V(t-1)
 Demand 
fraction        
Df
Storage 
fraction        
Sf
Rain 
fraction           
Sm
Tank 
efficiency     
Et
Overflow 
fraction     
Of
2006
Dec 43.0 65.25 50.90 14.34 0.00 15.00 152% 98% 221% 78% 0%
2006 31 43.0 65.25 50.90 14.34 0.00 152% 98% 78% 0%
2007 Jan 41.5 59.8 43.9 15.9 0.00 0.0 144% 101% 172% 73% 0%
Feb 29.2 29.2 20.7 8.5 0.00 0.0 100% 144% 432% 71% 0%
Mar 10.4 36.6 14.4 22.2 0.00 4.9 351% 403% 241% 39% 0%
Apr 6.5 31.0 2.3 28.7 0.00 0.5 475% 643% 21% 7% 0%
May 1.6 37.9 4.9 32.4 0.00 3.8 2433% 2696% 153% 13% 0%
June 0.0 24.0 0.0 24.0 0.00 0.0 263% 0% 0%
July 0.0 14.1 0.0 14.1 0.00 0.0 8945% 0% 0%
Aug 0.0 21.8 0.0 21.8 0.00 0.0 159% 0% 0%
Sep 0.0 22.2 0.0 22.2 0.00 0.0 145% 0% 0%
Oct 0.0 4.9 0.0 4.9 0.00 0.0
Nov 0.0 18.7 0.0 18.7 0.00 0.0 60406% 135484% 523% 0% 0%
Dec 17.4 16.4 3.8 12.6 0.00 0.0 94% 241% 312% 23% 0%
2007 334 106.6 316.6 90.0 226.0 0.00 297% 39% 28% 0%
2008 Jan 31.7 16.6 16.6 0.0 0.00 13.4 52% 133% 532% 100% 0%
Feb 21.9 26.2 26.2 0.0 0.00 27.8 120% 192% 113% 100% 0%
Mar 46.0 53.4 53.4 0.0 0.00 16.8 116% 91% 1180% 100% 0%
Apr 17.5 15.5 15.5 0.0 0.00 10.6 89% 240% 469% 100% 0%
May 15.9 8.9 8.9 0.0 0.00 18.6 56% 264% 260% 100% 0%
Subtotal 137 132.99 120.6 120.6 0.0 0.00 91% 32% 46% 100% 0%
Total 502 282.63 502.4 261.4 240.4 0.00 178% 15% 10% 52% 0%
Monitoring Analysis Dimensionless Ratios
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Figure 7.18  Efficiency ratio for various tank sizes versus demand measured at RWH fed troughs. 
 
 
The 44m
3
 tank installed at Clonalvy comprised of two 22m
3
 tanks and had a monitored 
actual efficiency ratio of 52%. From Table 7.16, the effective catchment area Qt 
produced 282.6m
3
 of rainwater, however from meter 4 the inflow to the storage tank 
was 261.4m
3
. This means that 21.2m
3
 of rainwater falling on the catchment was not 
pumped to the storage tank. This loss of harvestable rainwater is a result of the periods 
of downtime for the pump in the collection tank. The rainwater collected from the 
catchment area and conveyed to the 8m³ collection tank was not pumped to the storage 
tank. Once the collection tank was at capacity any additional harvested rainwater 
overflowed and was lost to the RWH.  
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7.4 Pilot RWH Site, National School Site, Carrowholly, Co. 
Mayo 
 Rainfall Analysis  7.4.1
 
Analysis of Rainfall Records for years 2007 - 2010 
 
Daily rainfall records were obtained from Met Éireann for weather station no 1433 
located in Westport for the years 2007, 2008, 2009 and 2010. This data was analysed to 
determine total monthly rainfall (mm), average monthly rainfall (mm), maximum daily 
rainfall (mm) and the number of rain-days (defined as a day with a rainfall event greater 
than 1.0mm depth). Table 7.17 presents a summary of this month by month analysis of 
rainfall.   
    
 
1
2
0
 
 
 
 Table 7.17  Monthly total and average rainfall (mm), maximum daily rainfall (mm) and number of rain-days per month for Westport Station No. 1433 
Jan 134.4 4.3 23.1 18 Jan 187.4 6.1 25.1 22 Jan 143.8 4.6 16.0 21 Jan 86.0 2.8 17.2 17
Feb 125.5 3.8 15.7 19 Feb 104.0 3.6 30.3 18 Feb 61.8 2.2 13.1 16 Feb 69.1 2.5 13.7 11
Mar 106.0 3.4 28.2 17 Mar 165.7 5.4 14.8 24 Mar 123.1 4.0 13.4 22 Mar 82.5 2.7 17.7 14
Apr 44.1 1.5 27.8 6 Apr 59.2 2.0 8.6 17 Apr 110.8 3.7 20.0 18 Apr 48.8 1.6 14.2 10
May 97.4 3.1 20.5 15 May 19.9 0.6 5.0 7 May 128.8 4.2 13.5 18 May 48.2 1.6 14.8 9
Jun 103.8 3.5 16.2 14 Jun 101.3 3.4 25.8 14 Jun 67.5 2.3 21.5 13 Jun 44.3 1.5 23.8 8
Jul 123.4 4.0 19.6 19 Jul 79.5 2.6 36.8 10 Jul 243.8 7.9 67.1 25 Jul 129.3 4.2 13.5 25
Aug 94.9 3.1 23.3 15 Aug 170.5 5.5 34.5 20 Aug 254.7 8.2 28.3 27 Aug 100.2 3.2 16.3 15
Sep 68.3 2.3 31.4 11 Sep 122.2 4.1 15.3 14 Sep 87.1 2.9 18.1 13 Sep 263.0 8.8 61.4 22
Oct 94.3 3.0 43.3 9 Oct 156.5 5.1 20.8 23 Oct 132.3 4.3 25.2 17 Oct 116.0 3.9 25.2 19
Nov 105.7 3.5 22.6 13 Nov 146.6 4.9 23.9 22 Nov 322.6 10.8 26.8 26 Nov 143.5 13.0 23.0 10
Dec 165.8 5.4 19.8 19 Dec 85.9 2.8 17.7 15 Dec 133.8 4.3 17.4 20 Dec
 
Monthly 
Rainfall 
(2008) 
(mm)
Average 
Daily 
Rainfall 
(mm)
2007 2008 2009
Month
 Monthly 
Rainfall 
(2007)  
(mm)
Average 
Daily 
Rainfall 
(mm)
Max 
Daily 
Rainfall 
(mm)
No of 
Raindays    
≥ 1.0mm
Month
Monthly 
Rainfall 
(2008) 
(mm)
No of 
Rain days     
≥ 1.0mm
Max 
Daily 
Rainfall 
(mm)
Average 
Daily 
Rainfall 
(mm)
Max 
Daily 
Rainfall 
(mm)
No of 
Raindays     
≥ 1.0mm
Month
2010
Month
 Monthly 
Rainfall 
(2010)  
(mm)
Average 
Daily 
Rainfall 
(mm)
Max 
Daily 
Rainfall 
(mm)
No of 
Raindays   
≥ 1.0mm
    
121 
 
 
Rainfall mm recorded at Westport 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
2007 134.4 125.5 106 44.1 97.4 103.8 123.4 94.9 68.3 94.3 105.7 165.8 1243.3 
2008 187.4 104 165.7 59.2 19.9 101.3 79.5 170.5 122.2 156.5 146.6 85.9 1398.7 
2009 143.8 61.8 123.1 110.8 128.8 67.5 243.8 254.7 87.1 132.3 322.6 133.8 1389.1 
2010 86.0 69.1 82.5 48.8 48.2 44.3 129.3 100.2 263.0 116.0 143.5 
 
1130.9 
Mean 137.9 90.1 119.3 65.7 73.6 79.2 144.0 155.1 135.2 124.8 179.6 125.9 1322 
Table 7.18 Summary of monthly rainfall (mm) recorded at Westport 2007 - 2010 
 
Table 7.18 summarises the four year monthly rainfall totals. There is relatively low 
variation in annual rainfall with a mean annual rainfall of 1322 mm. April, May and 
June have average monthly rainfall of less than 85 mm. Of the other nine months only 
February has an average monthly rainfall of less than 100 mm. Over the four years May 
2008 was the driest month with 19.9 mm, while November 2009 was the wettest with 
322.6mm of rain. The number of rain-days per month per year was relatively consistent, 
on average the number of rain-days per month was 17. With a maximum recorded in 
August 2009 with 27 days, the minimum monthly total was 6 in April 2007. This type 
of evenly distributed rainfall pattern reduces the need to store harvested rainwater for 
use during extended dry periods. Figures 7.19 and 7.20 show the variation in monthly 
rainfall and rain-days over the years 2007-2010. 
 
    
122 
 
 
 
 
Figure 7.19  Variation in Total Monthly Rainfall at Westport 
 
 
Figure 7.20 Average monthly rainfall and number of rain-days ≥1mm over years 2007 – 2010 
 
 
 Water Monitoring Analysis 7.4.2
 
The following is the analysis of the water use recorded at Carrowholly National School. 
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Monthly Rainfall patterns at Wesport Co. Mayo 
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Water Audit  
A water audit was carried out in the school to determine the number and type of 
plumbing fixtures and fittings. The audit identified the following water using devices: 
Toilets: There are a total of 17 toilets in the school. 9 of these toilets are single flush 
with a 9 litre cistern, while the remaining 8 toilets are dual flush with a 6/4 litre cistern.  
Taps:  There are 17 wash hand basins throughout the school with the total number of 
taps in the school at forty four.  Twenty of these taps are push operated while the 
remaining twenty four taps are screw type.  
Showers and Urinals: 
There are no showering facilities or urinals in the school. 
Fixture/Fitting Type Number 
Toilets 
Single Flush – 9 litre 9 
Dual Flush – 6/4 litre 8 
Taps 
Push operated 20 
Screw operated 24 
Table 7.19   Summary of Plumbing Fixtures and Fittings in Carrowholly National School 
 
 
 
 Non Potable Water Use Meters  7.4.3
Table 7.20 presents a summary of the metering system for the rainwater harvesting 
supply. Each RWH system directly supplies two toilets, one for boys the other for girls. 
The school principal indicated the number of students per class per toilet. The mains 
water top supply to each system was also metered.  RWH system 01 will be focused on 
in this analysis. It was discovered that on RWH 02 that the mains top and rainwater 
inflow pipework had been incorrectly installed. In effect, the harvested rainwater was 
acting as a “top –up” to the mains water. This was highlighted and the problem 
rectified. There were two instances where a leak was detected, one at the toilet 
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monitored by meter 302 in October 2010 and the other at the toilet monitored by meter 
304 in November 2009. The school principal was informed and the faults fixed.  
  
  RWH System 01 RWH System 02 
Meter Ref. 201 304 305 202 301 302 
Description 
Mains Top 
Up 
Boys 
Toilet 
Girls Toilet 
Mains Top 
Up 
Boys 
Toilet 
Girls Toilet 
Number of 
Students 
  15 15   14 7 
Table 7.20  Rainwater Harvesting Metering System 
 
Toilets supplied by mains water only were also metered. Table 7.21 shows the meter 
reference number, location and number of students using each toilet. Meters 405, 406 
and 407 are situated on the corridor so are accessible to students from all classes. There 
was no way of monitoring the numbers of students using these facilities.  
 
 3
rd
 and 4
th
 Class 5
th
 and 6
th
 Class Disabled Corridor 
Meter  
401 
(girls) 
402 
(boys) 
403 
(girls) 
404 
(boys) 
405 
406  
(girls) 
 
407 
(boys) 
 
Number. of 
Students 
 
11 6 10 8 n/a n/a n/a 
Table  7.21 Mains Water Metering System 
 
Meter 101 monitored the mains supply to the school. Monitoring of water use was 
carried out over the period March 2009 to November 2010.  Meter 101 showed that in 
total over the monitoring period 142m
3
 of mains water was used  
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Figure  7.21  Daily rainfall at Westport 2009 – 2010 
 
 
Figure  7.22  Daily demand for water for toilet use at RWH system 01  
  
Figure 7.21 shows the daily rainfall recorded at Westport, it shows that there is rainfall 
year round with no long periods of dry weather. Figure 7.22 shows the demand 
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RWH 01 fed toilets (meters 304  &  305) 
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measured for toilet use at RWH system 01. There were a number of difficulties initially 
with the Hydro-Center to record all the installed meters. This took some time to resolve.  
Data was not recorded during this period and at other times throughout the monitoring 
period. As data transmitted by individual meters was not received and stored by the 
Hydro-Center. Where data was not recorded over a period of time an average daily 
usage was calculated using the available meter readings.     
Table 7.22 summarises the RWH 01 performance over the monitoring period. There is a 
discrepancy of 2m
3 
between the total demand recorded at 44.2 m
3
 and the total supply 
meeting that demand  of 46.2m
3
 (RWH yield at 24.6m
3
 and Mains top up at 21.6m
3
). 
This discrepancy is explained by errors in the non- recording of all meter readings. 
There are occasions where mains top up use (meter 201) was recorded but meters 
recording toilet  (meter 304 & 305) use were not. The installed RWH 01 had an 
efficiency of 56%. 
 
    
 
 
1
2
7
 
 
Table 7.22  Summary of RWH 01 performance at Carrowholly National School  
m3 m3 m3 m3 m3 m3 % % % % %
Tank (m3) 0.68
Year Month Qt=AR D Y M OD V(t-1) Df Sf Sm Et Of
2009 Jan
Feb
Mar 7.81 0.12 0.10 0.12 6.21 0.68 2% 9% 86% 80%
Apr 8.61 1.76 1.11 1.82 8.03 0.68 20% 8% 85% 63% 93%
May 10.14 4.78 2.54 2.23 5.59 0.00 47% 7% 20% 53% 55%
June 4.59 4.89 2.40 2.49 0.53 0.36 106% 15% 15% 49% 12%
July 1.37 0.00 0.00 0.00 0.69 0.00 0% 49% 100% 51%
Aug 2.30 0.11 0.11 0.00 2.30 0.68 5% 30% 4098% 100% 100%
Sep 5.46 3.73 2.74 1.06 2.94 0.68 68% 12% 14% 74% 54%
Oct 8.79 4.14 2.92 1.31 5.32 0.00 47% 8% 20% 71% 61%
Nov 7.09 3.96 3.30 0.67 3.55 0.68 56% 10% 112% 83% 50%
Dec 9.17 4.36 2.04 2.31 5.66 0.47 48% 7% 28% 47% 62%
2009 277 65.34 27.84 17.28 12.01 40.83 43% 1% 5% 62% 62%
2010 Jan 9.75 2.99 1.51 1.47 7.10 0.59 31% 7% 28% 51% 73%
Feb 6.13 2.64 1.29 1.58 3.36 0.52 43% 11% 17% 49% 55%
Mar 3.16 1.80 0.45 1.35 1.91 0.67 57% 22% 31% 25% 60%
Apr 6.30 1.17 0.46 0.71 5.15 0.68 19% 11% 32% 39% 82%
May 4.94 2.14 0.52 1.62 3.07 0.45 43% 14% 13% 24% 62%
June 4.17 2.01 0.32 1.92 1.87 0.46 48% 16% 12% 16% 45%
July 6.73 0.00 0.00 0.00 6.73 0.68 0% 10% 100% 100%
Aug 3.25 0.09 0.09 0.00 3.23 0.68 3% 21% 741% 100% 99%
Sep 7.25 1.62 1.38 0.24 5.90 0.67 22% 9% 115% 85% 81%
Oct 8.53 1.45 0.77 0.72 6.75 0.43 17% 8% 74% 53% 79%
Nov 6.04 0.50 0.50 0.00 5.54 0.68 8% 11% 68% 100% 92%
Dec
2010 316 66.26 16.40 7.29 9.62 50.61 25% 1% 4% 44% 76%
Total 593 131.60 44.24 24.57 21.63 91.45 34% 1% 2% 56% 69%
Dimensionless RatiosMonitoring Analysis
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 Mains fed toilets  7.4.4
 
There were difficulties with the Hydro-Center in receiving and logging the meter 
readings over the monitoring period. There were intermittent problems where the 
Hydro-Center receiver did not pick up the transmitted meter readings. Some meters 
reading transmissions were particularly affected. Meters 402 and 403 were the most 
affected, the Hydro-Center did not pick up readings for these meters for relatively long 
periods of time.  An average daily reading for these meters was calculated from existing 
data. While not very satisfactory in terms of daily demand, the total demand at these 
meters can be calculated for the monitored period.  
Third and fourth classes toilet use was monitored by meters 401 (girls) and 402 (boys).  
The total monitored use for meter 401 was 6.22m
3
, maximum daily demand for the 
girls’ toilet was 0.083m3 and on average the daily demand was 0.014m3. For the boys 
the total monitored use was 4.23 m
3 
the maximum daily demand was 0.058m
3
 and the 
average daily demand was 0.011m
3
.  
 
Figure 7.23 Third and Fourth class daily toilet demand 2009 -2010 
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3rd & 4th class toilet demand 2009 -2010 
meter 401   Girls toilet meter 402   Boys
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Fifth and sixth class were monitored by meters 403 (girls) and 404 (boys).  The total 
monitored us at meter 403 was 4.63m
3
,  maximum daily demand for the girls was 0.094 
m
3
, the average daily demand was 0.017m
3.
  For meter 404 total monitored use was 
5.05m
3, 
the maximum daily demand was 0.091m
3
 and average daily demand was 
0.016m
3
.  
 
Figure 7.24 Fifth and Sixth class toilet demand 2009 -2010 
 
Additional to the boys and girls toilets in each class room there was a girls and boys 
toilet facility on the school corridor plus a unisex disabled toilet. These toilets were 
available to the whole school student population.  
The girls’ corridor toilet (meter 406) had a monitored use of 6.92m3, with a maximum 
daily use of 0.095m
3
 and on average a daily use of 0.016m
3. The boys’ corridor toilet 
had a monitored use of 6.15m
3
, with a maximum daily use of 0.081m
3
 and an average 
daily use of 0.014m
3
. Figure 7.25 shows the use at the girls and boys toilets on the 
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corridor over monitored period. Unlike the toilets in the classrooms (meters 401-404) 
there was toilet use at these toilets over the summer period in 2010. It is likely that 
children’s summer activities were held at the school and these toilets were available for 
participants.  
 
 
 
Figure 7.25 Girls and boys toilet on corridor 2009-2010  
 
 
The final mains fed toilet monitored was the disabled toilet (meter 405), demand 
measured here totalled 13.3m
3
.  The maximum daily demand was 0.112m
3
 while the 
average daily demand was 0.03m
3
. The demand at this toilet was greater than the 
combined demand for the girls and boys toilets on the corridor. The reason for this is 
mostly likely due to its proximity to the door to the school playground. This toilet is 
next to the door to the playground so it is the most convenient toilet to use for children 
during class break time.  This toilet was in use over the summer holidays again most 
likely due to a summer activities held at the school.  
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Figure 7.26 Demand at the disabled toilets 2009 -2010 
 
 
  
RWH 01 fed 
toilets 
Mains fed toilets  
 
First & Second 
Class 
Third & Fourth 
Class 
Fifth & Sixth 
Class 
Disabled 
toilet  
 Toilets on 
corridor 
  
Meter 
304 
Girls  
Meter 
305 
Boys  
Meter 
401   
Girls  
Meter 
402   
Boys  
Meter 
403  
Girls 
 Meter 
404  
Boys  
 Meter 
405 
 Meter 
406 
Girls  
Meter 
407 
Boys  
Total 
demand  
m
3
 
30.9 13.3 6.2 4.2 4.6 5.0 13.3 6.9 6.1 
Annual 
demand       
m
3
  19.0 8.2 3.81 2.6 2.8 3.1 8.2 4.2 3.8 
  
 
Table 7.23  Summary of demand for water for non-potable use in Carrowholly National School. 
 
Table 7.23 summarises the demand measured for non-potable use at Carrowholly 
national school. The demand for toilets fed from RWH 01 was measured at 44 m
3
; the 
mains fed toilets had a demand of 46m
3
. However primary schools are not open at 
weekends or during holiday periods, the school year is 184 days. Over the monitored 
period there were 242 school days.  This gives a PCC of 4.3 l /pupil /day for non-
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potable water use. The mains water used for non-potable use over the monitored period 
totalled 91m
3
; comprised of 46m
3
 at mains fed toilets and 21m
3
 and 24m
3
 mains top at 
RWH 01 and RWH 02 respectively. The total mains supply to the school was 162m
3
.  
Potable water use in the school totalled 71m
3
 over the monitored period. This equates to 
a PCC for potable water use of 3.4l/student /day. The PCC for water use per pupil per 
day was 7.7 l/pupil/d or an annual PCC of 2.8m³ /pupil (1.4m
3
/pupil / school year). 
 
 
 Using BS8515:2009 to calculate tank sizing for Carrowholly School.  7.4.5
 
(i) 5% of the annual rainwater yield 
YR = (A)(e)(η)(h) x 0.05 /1000 
 For rainfall measured at Westport that average annual rainfall for 2007 -2010 was 
1322mm (h). The collection area was 62m
2
 (A), the catchment yield co-efficient was 
90% (e) and the hydraulic filter efficiency was 0.9 (ɲ) 
YR  =  (62 x 0.9 x 0.6 x 1322) x 0.05/1000 → 3.3m
3
 
 
(i) 5% of the annual non-potable water demand 
DN = PD x n x 365 x 0.05/ 1000 
 
For RWH 01, the annual non-potable demand was 21m
3
  
 
DN   =   21m
3
 x 0.05 → 1m3 
 
A 1m
3
 storage tank would be recommended under BS8515:2009 for supplying the 
demand experienced by the RWH 01 at Carrowholly national school.  
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If the demand of 10.6m
3
 i.e. the demand over a school year  of 184 days was used for 
calculating storage tank sizing.  
DN   =   10.6m
3
 x 0.05 → 0.53m3 
 
The tank installed at Carrowholly is a normal mains header tank of capacity 0.68m
3
. 
The RWH system installed at Carrowholly has a design close to that of 5% demand for 
non-potable demand based on demand over a school year. 
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 Viability of Rainwater Harvesting in Ireland 8
 
8.1. Introduction 
 
In order to examine the circumstances where rainwater harvesting could be viable in 
Ireland, various scenarios were examined. These are presented in Table 8.1. 
 
Scenario Parameter 
Capital Grant  10-50% Capital Grant - free allowances included 
 
Discounted  water charge per m
3
 
with RWH 
 
10-50% reduction in water charges if RWH 
installed – free allowances included 
Grant plus discounted  water 
charge per m
3
 
10 – 50% Grant plus 10-50% reduction in water 
charges – free allowances included 
 
Free allowances – reduced / 
abolished 
Reduce household allowance by 10-50% 
Reduce child allowance by 10 -50% 
Remove all allowances 
Remove household allowance 
Remove child allowance 
 
Free allowances reduced / 
abolished plus discount on water 
charges with RWH installed 
Reduce household allowance by 50% - water charge 
discount 10-50% with RWH 
Abolish allowance – water charges discount 10-
50% with RWH 
Increased water charges Increase water charges with free allowances 
available to see at what water charge level RWH 
becomes economical. 
 
Table 8.1  Possible political and economic scenarios influencing RWH use in Ireland 
 
 
In considering these scenarios the following is taken into account. The Irish 
Government will provide a subsidy to Irish Water in 2015 and 2016 provided that 
annual domestic charges will not exceed €240 per year. These charges to remain fixed 
until the end of 2016 (Irish Government News Service, 2104). Free allowances apply to 
each household before water charges are applied.  These are an annual 30,000 litres 
household allowance, for households with children under 18 years an additional yearly 
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allowance of up to 38000 litres per child applies. No standing charge will be levied; a 
minimum charge may be applied to properties not permanently occupied such as 
holiday homes (Irish Government News Service, 2014).  
    
 
1
3
6
 
  
 
Table 8.2 Economic model for a standard Irish household of 2.7 persons with annual PCC of 150l/hd/d. PCC toilet use taken as the average from this research 
 
Item Value Unit Item Value Unit PCC 150 l/hd/d
No of Adults >18 2 no No of Adults >18 2 no Annual Consumption 109500 l/yr
No of Children < 18 1 no No of Children < 18 1 no PCC WC 21 l/hd/d
Annual WC Consumption 22,995 l/yr
145,729
l/yr
164,250
l/yr Household 30000 litres/yr
Unit per adults<18 38000 litres/yr
Total Allowance 68,000 Total Allowance 68,000
Avg Household Charge 240 €/yr
Total Chargeable 77,729 litres/yr Total Chargeable 96,250 litres/yr VAT 0 0
Total 240 €/yr
Cw 2.04 €/m
3
Cw 2.04 €/m
3
€/person €/yr €/person €/yr Cw 2.04 €/m
3
Total 52.86 158.57 Total 65.45 196.35 20.4 cent/litre
Annual Mains Water 
Consumption
Annual Consumption
Household Costs Mains Water & RWH Household Costs Mains Water Only Standard Rates
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Therefore an average household bill of €240 per year implies a charge of between €2.04 per 
m
3
 (household allowance applied, taking  an average Irish household at 2.7 persons with  a 
PCC of 150l/hd/d, (DoECLG (b), 2014)) . From this study the average PCC toilet demand is 
approximately 21 l/hd/d. The average household is 2.7 persons, for the purposes of this 
analysis a household of two adults and one child under 18 was taken (Table 8.2).  
.  
 
Table 8.3  Economic model to calculate NPV of RWH system and Mains only for domestic water supply  
 
Table 8.3 shows how RWH plus mains supply and mains supply only systems were 
compared. 25 years was chosen as the time period as it would be approximately the average 
Storage (m3) 1.5
Cost per m3 storage (total Capital cost /  storage Installed) 627
Total capital cost -940
Annual Costs (Cm + Ce) -73.14
Years 25
Real interest rate 3.5%
Factor for Annual to Present (1+r)n-1/(1+r)^n 16.48
Annual equivalent of capital cost -57.03
Total annual equivalent cost (incl o + m cost) -130
NPV -2,145.53
Installed Capacity (m3) 1.50
Annual RWH Demand 23.0
Annual RWH Yield 18.5
Annual Mains Water Top-up 4.5
% Demand Met = Efficiency (Y/D) 81%
RWH Yield over lifetime 463
RWH Cost - Euro cent per m3 in present terms 7.03
Mains Water Cost - € per m3 2.04
Total Household Mains water cost (without RWH) 196.35
Total Household  Mains Water Cost (RWH) 158.57
Annual Saving on water charges 37.78
Annual equivalent savings due to RWH 24.91
NPV  (PV mains water saved) 622.7
Cost benefit ratio 0.19
Net present value of project -1,522.82 
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mortgage in Ireland.  RWH capital cost of €940 over 25 years at 3.5% is annualised giving an 
annual cost of servicing the cost of €57. The annual cost of operating and maintaining the 
RWH is estimated at €73. The annual cost of operating the RWH is equal to the annual cost 
of capital repayment and annual operating and maintenance costs, which totals €130. This 
value is used to calculate the cost per m³ of rainwater supplied to the house. The rainwater 
yield is taken from modelling the demand at an average household (Table 8.3) and the 
measured rainfall data from Carlow site. The RWH cost of production per m
3
 is calculated by 
dividing annual cost of production €130 by annual RWH yield of 18.5m3, giving a RWH cost 
of €7.03 per m3.  Mains water cost at €2.40 per m3 is taking from Government figures.  This 
allows the cost of operating mains only supply system to be compared with a RWH + mains 
system using Net Present Value (NPV). This is similar to the above method.  By plotting the 
cost of RWH + mains and of mains only supply shows when the RWH + mains system 
becomes cheaper than mains only system to operate. This is the definition of payback used in 
this thesis. 
Figure 8.1 shows how, under the current water charge and free allowance proposals, RWH 
compares with mains water only supply.  As there is no initial capital outlay for the use of 
mains water the initial cost is zero, the cost of installing RWH systems is shown as a negative 
value indicating the initial cost to the householder. The green dotted line (mains water cost) 
shows that mains water supply is the cheaper option compared to the RWH systems shown 
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Figure 8.1.  Cost of RWH compared to mains water supply 
 
 
The cost per m
3
 water produced using RWH compared to the proposed mains water charge 
per m
3
 is shown in Table 8.2. The cost per m
3
 is calculated by dividing the annual yield of 
rainwater by the annualised capital cost and the operating and maintenance cost.  
 
RWH system 
 
Tank size 
RWH  Mains water  
Cost per m3 Cost per m3 
0.25m3 €10.08 €2.04 
0.5m3 €8.51 €2.04 
1.0m3 €7.79 €2.04 
1.5m3 €7.05 €2.04 
2.0m3 €6.81 €2.04 
3.0m3 €6.98 €2.04 
4.0m³  €7.07 €2.04 
5.0m³ €7.52 €2.04 
7.0m³ €13.43 €2.04 
 
Table 8.4  RWH cost per 1m
3
 of water and mains water charge per m
3
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8.2. Viability Scenarios. 
 
8.2.1. Grant availability 
 
The free household and child allowance have been included when modelling how RWH 
would perform economically. Plotting the cost of installing a RWH system with varying 
storage and capital costs against the cost of mains water supply is shown in Figure 8.2. 
Payback for installed RWH is indicated where the cost of mains water only supply (green 
dotted line ) drops below the RWH plot lines indicating costs for different RWH systems. 
Initially a grant of 30% was considered as VAT is charged at 23%, while VAT on services is 
charged at 13.5%. Provision of a capital grant of 30% of the cost of the purchase and 
installation costs would effectively reimburse most of VAT charges. Grants of 10 – 50% 
were also looked at. However none of the grants were sufficient to make RWH more 
economical than mains water only supply. While the grant reduces the initial capital cost of 
RWH, it does not affect the running costs and maintenance costs such as electricity costs for 
pump or maintenance expenses each year.  The cost of maintaining and operating the RWH is 
more expensive than the savings made by the use of RWH. 
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Figure 8.2 Capital Grant at 50% purchase and installation cost of RWH 
 
8.2.2. Reducing mains water charges to households with RWH installed 
 
Reducing water demand and costs is not just beneficial to the householder; it provides 
benefits the water producer too.  Reduced demand lessens stress on treatment plants and 
water supply networks. It reduces the need to seek out new water sources or to over extract 
supplies from existing ones allowing more sustainable management of water resources.  
Under these circumstances the water producer Irish Water, may reduce the cost of mains 
water to the households who install RWH.  Discounts of mains water charges of between 10-
50% per m
3
 were modelled; only a reduction of 50% in mains water charge per m
3
 gave a 
payback within the 25 year time frame taken (Figure 8.3). This is for the 0.25m
3
 RWH at a 
payback of 17 years. 
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Figure 8.3   RWH performance when 50% reduction in mains water charge applied with RWH system 
installed versus mains water only supply 
 
8.2.3. Grant plus discounted mains water charge with RWH installed 
 
If in addition to a 30% grant a reduction in mains water costs per m
3
 is applied, what level of 
discount per m
3
 of mains water is required to provide a reasonable payback period?  A 30% 
reduction in mains water per m
3
 in addition to 50% refund on purchase and installation costs 
would yield payback of approximately 11 years for a 0.25m
3
 tank RWH and 17 years for a 
0.5m
3
 tank (Figure 8.4)  
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Figure 8.4 RWH performance including 30% Grant  on RWH purchase and installation costs and 50% 
discount on mains water costs with RWH installed. 
 
8.2.4. Free Allowances – reduced or abolished 
 
From the end of 2014 to the end of 2016, a 30m
3
 (30,000 litre) annual free allowance will 
apply to each household.  In addition although the exact value has not been finalised at 
present up to 38m
3
 (38000 litres) free allowance annually per child under 18 per household 
will be applied. For calculation purposes it is assumed that the final child allowance will be 
38 m
3per year. Here five scenarios are analysed; mains water charges are unchanged at €2.04 
per m
3
 
i. Reduce household allowance by 10-50% 
ii. Reduce child allowance by 10 -50% 
iii. Abolish household allowance 
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iv. Abolish  child allowance 
v. Abolish all allowances 
 
 
Figure 8.5  Mains water charges at €2.04 per m3 and free allowances reduced by 50% 
 
 
 
 
 
Figure 8.6 All fee allowances abolished, mains water charge at €2.04 
 
For all five scenarios above the cost of installing, operating and maintaining the RWH is 
more expensive than the cost of mains water supply only. Although the RWH is saving 
money in annual bills for mains water charge the saving is not larger than the cost of 
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operating and maintaining the RWH. For a 1m
3
 RWH the annual cost of mains water for an 
average 2 adults and one child household with no free allowances available is €335.07, while 
annual cost of mains water supply with RWH is €315.55. The total annual equivalent cost is 
€128. This is the cost of operation and maintenance and the capital cost annualised over the 
25years at 3.5 %. 
8.2.5. Free allowances reduced / abolished plus discount on mains 
water charges with RWH installed 
 
In this case the Free Allowances were reduced by 10%, 20%, 30%, 40% and 50%. The mains 
water charges were discounted by the same percentages each in turn. For percentage 
reductions in free allowance, main water discounts of 10% - 30% did not yield any payback 
periods less than 25 years.  A water charge discount of 40% was required to give a 20 year 
payback for the 0.25m³ RWH. Increasing the water charge discount to 50% charges provided 
payback for all levels of reduced free allowance. Payback for 50% discount in water charges 
ranged from 16 years for 0.25m³ for a 10% reduction in free allowances to 20 years for 3m³ 
RWH for a 50% reduction in free allowances. Reduction in the free allowances increases the 
mains water bill to the householder.  The cost of production per m
3
 of the RWH systems is 
greater than the cost of mains supply. The volume of mains water replaced using a RWH is 
not sufficient to overcome the cost per m
3
 differential. So unless an additional incentive is 
introduced to give RWH an advantage, RWH is not economically attractive. This advantage 
is in the form of a discount on mains water charges where a RWH is installed. The discount 
effectively must be of the order of 50% to allow for realistic terms of payback. These are 
outlined in Table 8.3. 
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8.2.6. Level of charge per m3 required to give payback less than 25 
years 
What charge per m
3
 would mains water have to reach to make RWH economical? From 
Table 8.5 the costs of RWH production range from €6.81 to €13.43 per m3. With mains water 
charges set at €2.04 per m3, RWH is expensive. In this case the cost of mains water was 
increased between 200 – 500%. Doubling the cost of mains water provided no payback less 
than 25 years. Increasing the cost by 350%, (€7 per m³) gave payback for 2m³ and 3m³ RWH 
of 23 and 25 years respectively. 
RWH system 
Tank size 
RWH  
Cost per m
3
 
0.25m
3
 €10.08 
0.5m
3
 €8.51 
1.0m
3
 €7.79 
1.5m
3
 €7.05 
2.0m
3
 €6.81 
3.0m
3
 €6.98 
4.0m³  €7.07 
5.0m³ €7.52 
7.0m³ €13.43 
 
Table 8.5  Cost per m³ produced by RWH systems 
 
Increasing mains water charge by 550% to €13 per m³ allowed paybacks ranging from 9 
years for 0.25m³ RWH, 7years for 1.5m³ and 2m³ RWH to 9 years for 5m³. Table 8.7 gives 
the cost of production per m
3 
by RWH.  To make RWH economical under present conditions 
mains water charges would have to be increased at least to €7 and up to €13 to make all but 
the 7m³ RWH systems considered economical with payback less than 25 years (Figures 8.7 
and 8.8).  
Table 8.6 summarises all the scenarios considered, outlining the various parameters required 
to produce a payback less than 25 years 
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Table 8.6. Summary of Scenarios investigated and modelled results. 
Scenario Parameter
0.25m³ 0.5m³ 1m³ 1.5m³ 2m³ 3m³ 4m³ 5m³ 7m³
Capital Grant
10- 50% reduction on cost of 
purchase and installation of 
RWH
/ / / / / / / / /
Discounted  water charge 
per m3 with RWH
50% Discount with RWH 16 / / / / / / / /
10% Grant + 50% discount 
water charges
14 20 / / / / / / /
20% Grant +50% discount 
water charges
12 17 / / / / / / /
30% Grant + 40% discount 
water charges
23 / / / / / / / /
30% Grant + 50% discount 
water charges
10 14 22 22 / / / / /
40% Grant + 40% discount 
water charges
19 25 / / / / / / /
40% Grant + 50% discount 
water charges
9 12 18 18 20 / / / /
50% Grant + 40% discount 
water charges
15 19 21 25 / / / / /
50% Grant + 50% discount 
water charges
7 10 14 14 15 20 / / /
Free allowances reduced 10- 
50%
/ / / / / / / / /
Free allowances abolished / / / / / / / / /
10% reduction Free 
Allowance  + 50% discount 
with RWH
12 18 / / / / / / /
20% reduction Free 
Allowance  + 40% discount 
with RWH
20 / / / / / / / /
20% reduction Free 
Allowance  + 50% discount 
with RWH
10 15 25 / / / / / /
30% reduction Free 
Allowance  + 40% discount 
with RWH
16 23 / / / / / / /
30% reduction Free 
Allowance  + 50% discount 
with RWH
9 13 21 21 24 / / / /
40% reduction Free 
Allowance  + 40% discount 
with RWH
13 19 / / / / / / /
40% reduction Free 
Allowance  + 50% discount 
with RWH
8 11 18 19 21 / / / /
50% reduction Free 
Allowance  + 40% discount 
with RWH
11 16 / / / / / / /
50% reduction Free 
Allowance  + 50% discount 
with RWH
7 10 16 16 19 25 / / /
€7 per m³ / / / / 23 25 / / /
€8 per m³ / / 23 17 16 19 19 22 /
€9 per m³ / 20 16 13 13 14 15 17 /
€10 per m³ / 14 13 11 10 11 12 14 /
€11 per m³ 16 11 11 9 9 10 11 12 /
€12 per m³ 12 9 9 8 8 9 9 10
€13 per m³ 9 8 8 7 7 8 8 9 /
 / = No payback within 25 years
Payback / RWH by tank size (years)
Free allowances – 
reduced / abolished
Grant plus discounted  
water charge per m
3
Free allowances reduced / 
abolished plus discount 
on water charges with 
RWH installed
Increase water charges  -
Cost per m3 - Free 
allowances included
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Figure 8.7Mains water charges at €7 per m³   
 
Figure 8.8  Mains water charges at €13 per m³. 
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 Conclusions 9
 
The principle research question investigated was “under what circumstances would rainwater 
harvesting be viable in domestic, agricultural and school settings in Ireland?”  
The results from the domestic site in Carlow showed that a rainwater harvesting installation 
was technically feasible and that 100% of the demand for non-potable water for toilet use 
could be supplied, from the RWH installation. The water quality of the harvested rainwater 
was of an excellent quality, 100% reached EU Bathing Water Standards while EU Drinking 
water standards were reached on almost 40% of the samples monitored. Discount variable 
analysis on the cost of installation compared with the cost of mains supply showed that the 
installation costs were prohibitively high, resulting in the rainwater harvesting installation in 
Carlow not being an economically viable investment for the private householder. 
The reported results from the agricultural installation in County Meath showed great 
variability. These problems mainly involved the type of filter used in what is referred to as 
Regime 1. This resulted in poor water quality from the installation. The situation was 
improved with the installation of a different filter system, but operational difficulties 
persisted, particularly the day to day workings of an active and well run farm/farmyard. The 
new filters, referred to as Regime 2, showed an improvement in water quality over Regime 1.  
The supply/demand situation on the farm showed inconclusive results. As with the cost of the 
domestic study the cost of the agricultural rainwater harvesting installation proved prohibitive 
when compared to existing charges for mains water use. The system installed also required 
continuing maintenance together with the problems with the filtering regime. 
The school study did not include water quality in its monitoring, due to the distance involved 
with a school located in County Mayo, in the west of Ireland. Results showed that 56% of 
non-potable water demand was met, thus the installation could be said to be 56% efficient. 
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There was little or no operational maintenance involved with the installation. It was also cost 
effective. 
The modelling chapter showed results involving different scenarios, summarised in Table 8.6, 
outlining the various parameters required to produce a payback in less than 25 years. There 
were two approaches that served to make RWH attractive to the householder. The first of 
these involved reducing the capital cost of  RWH installation  by providing a capital grant 
and also reducing the cost of mains water by introducing a discount of  up to 50%.  This 
approach helps “reduce” the cost per m3 of producing water using a RWH.   
The other scenario that proved of benefit to the RWH installer was to increase the cost per m
3
 
of mains water to levels similar to cost per m
3
 of water produced by RWH. These were the 
only modelled scenarios that resulted in the viability of RWH installations and showed cost 
effectiveness.  
Therefore the answer to the research question is that the preferred scenarios in Ireland in 
which RWH is economical viable are:  
(i)  Storage to be designed for no greater than 90% efficiency 
(ii)  A capital grant allowance of minimum 30% coupled with a 50% reduction for 
householders with RWH. 
(iii) The cost of mains water per m
3
 is similarly priced as harvested rainwater per m
3
. In 
this study this equates to €8 per m3. 
(iv) A 20% reduction in free allowances to the householder coupled with a 50% reduction 
for householders with RWH. 
Innovations required to make RWH viable as a supply/demand strategy in Ireland include the 
following: 
 Innovations in materials and components to reduce costs 
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 Investigate RWH at scale, i.e.  RWH on a single street, RWH at a housing estate level 
and also RWH for a village or small town.  
 Investigate the payback accrued to the producer. 
 
Non-technical areas of further study would consider the triggers required to increase 
consumer uptake of RWH. This would involve considerations other than cost. 
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Domestic Site 
 
 
Ballinabrannagh, Co. Carlow 
 
 
 
 
 
Carlow - RWH House 
Daily RWH performance by Month for 2006 and 2008 
 
Carlow RWH House  
Daily RWH performance (toilet & hot water) by  
Month for 2006 and 2008 
 
 
 
 
 
 
 
 
 
 
 
  
 
1
6
0
 
  
  
2006 RWH House  
 
  
 
1
6
1
 
 
 
  
2006 RWH House  
  
 
1
6
2
  
 
 
 
RWH House Carlow 2006  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
1
6
3
 
 
2008 RWH House 
 
  
 
1
6
4
 
 
 
 
 
2006 RWH House Toilets & Hot water demand 
 
  
 
1
6
5
 
 
 
2006 RWH House Toilets & Hot water demand 
  
 
1
6
6
 
 
 
2006 RWH House Toilets & Hot water demand 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
1
6
7
 
 
 
 
 
 
2008 RWH House Toilets & Hot water demand 
 168 
 
 
 
 
 
 
 
 
Carlow - House 2 
Daily RWH performance by Month for 2006 – 2008 
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Carlow - House 3 
Daily RWH performance by Month for 2006 – 2008 
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Carlow - House 4 
Daily RWH performance by Month for 2006 – 2008 
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Agricultural Site 
 
Clonalvy Co. Meath 
 
 
 
 
Meath - RWH  
 
Daily RWH performance by Month for 2006 and 2008 
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